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I N T R O D U C T I O N
This th e s is  concerns a study o f  the r e la t io n s h ip  o f  the b asop h il 
c e l l s  o f  the hypophysis and th e  adrenal co rtex  as revea led  by th e  
morbid anatomy o f  c e r ta in  d ise a se  p ro cesses  which in v o lv e  those  
s tr u c tu r e s . While many methods o f  in v e s t ig a t io n  show th a t the  
endocrine organs are in tim a te ly  r e la te d  to  one another and m utually  
interdependent fc r  th e ir  normal a c t i v i t i e s ,  in  terms o f morbid anatoiqy 
th e  c lo s e s t  in ter-en d o cr in e  r e la t io n sh ip  which can be demonstrated i s  
th a t o f  th e  two t is s u e s  which I propose to  d iscu ss.
Grollman ( 193^, p .209) s t a t e s  th a t the " ab lation  o f one endocrine  
gland w i l l  u su a lly  be r e f le c t e d  by obvious a lte r a t io n s  in  the s tru ctu re  
and fu n c tio n a l a c t i v i t i e s  o f  th e  o th ers. The a lte r a t io n  in  a c t iv i t y  
o f  one gland w i l l  a f f e c t  the general a c t iv i t y  o f  many p arts o f the  
organism and th ese  changes in  turn w i l l  be r e f le c t e d  in  the a c t iv i t i e s  
o f  the endocrine o rg a n s .” Anyone w ith  even a s u p e r f ic ia l  knowledge o f  
the co n tr ib u tio n s o f  the many in v e s t ig a to r s  -  b ioch em ists,ph arm aco log ists, 
em b ryolog ists, an atom ists, experim ental p a th o lo g is ts  -  who have stu d ied  
the endocrine system  w i l l  r e a d ily  agree w ith  th a t statem ent. But i f  a l l
the endocrine glands from every post-mortem exam ination, talcing p la ce  
over a p er iod  o f  f iv e  years in  a la r g e  h o s p ita l ,  were p reserved , I  doubt 
i f  many p a th o lo g is ts  would r e l i s h  the task  of attem pting to  demonstrate 
in ter -e n d o cr in e  r e la t io n s h ip s  from the accumulated m aterial* Although  
animal experim entation  su g g ests  a c lo se  r e la t io n sh ip  between the p itu ita r y  
gland and the i s l e t s  o f  Langerhans in  the morbid process o f  d iab etes  
m e llitu s  (Young, 1937) th is  has n ot been su b sta n tia ted  by the morbid 
anatom ist working w ith  human m ateria l ( J o s l in ,  1937). Although changes 
in  the p itu ita r y  gland have been demonstrated in  animals w ith  experim ental 
co n d ition s sim u latin g  hypothyroidism  and hyperthyroidism  ( Severinghaus, 
1938; G riesbach, 1941) no a lte r a t io n  in  the p itu ita r y  gland has been  
d escr ib ed  in  th ose  co n d itio n s in  the human su b jec t . While the adrenal 
co rte x  has been id e n t i f i e d  w ith  p r in c ip le s  having an important e f f e c t  
on carbohydrate metabolism (Soowen, 194-2) the morbid anatom ist has no 
s p e c ia l  d esc r ip tio n  fo r  the adrenal glands in  d iab etes m e llitu s  or in  
i s l e t - c e l l  tumour o f  the pancreas.
In  th e  case  c f  acromegaly, Sinmonds's d isea se  and Addison’ s d isea se , 
morbid anatom ists have made important co n tr ib u tio n s to  our knowledge o f  
th e endocrine g lands. But, i f  I  now turn to  C ushing's syndrome, the 
co n tr ib u tio n s o f the morbid anatom ist would appear to  be more in  terms 
o f  con fu sion  than o f  con stru ctio n , fo r  here i s  a l i s t  o f  the le s io n s  
which have been d escrib ed  in  th a t co n d itio n  : -  p a th o lo g ic a l changes in  
the p itu ita r y  gland -  b asoph il adenoma, h yp erp lasia  o f  the basophil 
elem ents, chromophobe adenomata, "tumours" as y e t  u n d iffe r e n tia te d ,
and glands sa id  to  be normal on s e r ia l  s e c t io n in g ;  p a th o lo g ica l 
changes, o th er  than in  the p itu ita r y  gland, d escrib ed  as the primary 
le s io n  -  a d ren o -co rtica l h yp erp lasia  o r  new growth, carcinoma o f the  
thymus. A new l ig h t  was thrown on th e problem when, in  1939, Crooke 
found a le s io n  common to  a l l  o f  those ty p es , namely cytoplasm ic  
ly a l in iz a t io n  o f  the b asoph il c e l l s  o f  the lyp op h ysis . That l ig h t  was 
dimmed when, in  193$, Severinghaus, a d is tin g u ish ed  American in v e s t ig a to r ,  
d eclared  th a t th e  le s io n  d escr ib ed  by Crooke was a sso c ia te d  w ith  n u clear  
breakdown and was m erely a p rocess o f  c e l l  death. Hence Crooke's 
co n ten tio n , th a t cytop lasm ic ly a l in iz  ation o f  the b asoph il c e l l s  
rep resen ted  an a lte r e d  p h y s io lo g ic a l a c t iv i t y ,  which was the e s s e n t ia l  
b a s is  o f C ushing's syndrome, was d ec lared  to be erroneous.
The reader might r ig h t ly  con sid er th a t the methods o f  the morbid 
anatom ist, e s p e c ia l ly  when a p p lied  to  a su b jec t many hours dead, are 
too crude to r e v e a l many changes which are th ere . Indeed th a t i s  
p a r t ly  borne out by what has been sa id  already. The fundamental 
observations made by morbid anatom ists mainly concern r e la t iv e ly  gross  
t is s u e  changes -  w itn ess  acromegaly and A ddison's d isea se  -  the great  
fa i lu r e  l i e s  in  th e ir  in a b i l i t y  to  in v e s t ig a te  c e l lu la r  change, fo r  in  
Cushing*s syndrome i t  w i l l  immediately appear th a t some important 
c e l lu la r  change has been m issed  by many, in a ccu ra te ly  rep resented  by 
o th ers .
In  a review  o f  p a rts  o f th is  t h e s i s ,  the bulk o f  which i s  sh o rtly  
to  be pu b lish ed , the r e fe r e e  o f the Journal o f  Endocrinology s ta te s  "One
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o f  th e  more p r o f ita b le  f i e l d s  o f research  in  morbid anatomy i s  the  
study o f  h is t o lo g ic a l  changes in  endocrine g lan d s, but t h is  has been  
hampered by inadequate s ta in in g  methods. This work provides a 
con sid erab le  advance on anything I have seen  b e fo r e .” I t  i s  on an 
advance in  technique th a t th e  main co n tr ib u tio n  o f t h is  th e s is  r e s t s  
and.w hile adm itting a l l  the d i f f i c u l t i e s  caused by post-mortem change,
I hope to  show th a t post-mortem change has no more banal e f f e c t s  on the  
p itu ita r y  gland than on any other t i s s u e .  The new methods introduced  
go fa r  to  brid g in g  the gap between the morbid anatom ist and the  
c y t o lo g is t .  Accordingly the f i r s t  part o f  th is  th e s is  d ea ls  w ith  
the technique o f exam ination of the p itu ita r y  gland and w ith  an account 
o f & co n tr o l s e r ie s  o f p itu ita r y  glands taken from rou tin e autopsy  
m ateria l.
The a p p lic a tio n  o f th ese  new methods has enabled me to  put the  
morbid p rocess o f C ushing's syndrome on a r a t io n a l b a s is  and, I hope, 
to  make G rollm an's statem ent more r e a l  so  fa r  as morbid anatomy i s  
concerned* I should  admit th a t some o f  my f in a l  con clu sion s are not 
new but champion Cushing’s own op in ion  (1 9 3 2 ), d e sp ite  much evidence  
then to  the con trary , th a t the syndrome which bears h is  name is  r ig h t ly  
the syndrome o f the b asop h il adenoma, though an a c t iv i t y  equ iva lent to  
a b asoph il adenoma may be produced by o th er mechanisms. This was a lso  
S ir  Robert M uir's view  (p erson a l communication). Cushing and Muir made 
th e ir  stand  on judgment bora o f long  experience. Where in  th is  legend  
the reader considers th a t I have inadequate p roof fo r  my statem ents he 
w i l l  have to  reco g n ise  th a t , w ith  th e lim ita t io n s  o f h is  p resen t
armamentarium, th e  morbid anatom ist must o fte n  r e ly  on h is  own judgment, 
fo r  h is  p r a c t ic e  i s  s t i l l  fa r  from bein g  an exact s c ie n c e .
Prom the in v e s t ig a t io n  o f  th e  morbid anatomy o f  c e r ta in  d isea se  
p r o c e sse s , in  p a r tic u la r  A ddison's d ise a se  and C ushing's syndrome, which 
in vo lve  e s p e c ia l ly  the b asop h il c e l l s  o f  th e  hypophysis and th e adrenal 
c o r te x , i t  w i l l  be shown th a t th ose elem ents are so c lo s e ly  in te r -r e la te d  
th a t , a t  the p resen t s ta g e  o f  our knowledge, they may be con ven ien tly  
con sid ered  a fu n c tio n a l complex. There i s ,  however, evidence th at they  
enjoy a c e r ta in  degree o f  autonouy* This i s  su ggested  in  the con d ition  
o f  adrenal v ir i l i s m  and the second p art o f  th e t h e s is  d ea ls w ith  th is  
co n d itio n , in c lu d in g  the d e sc r ip t io n  of a ca se . The th ir d  p art d ea ls  
w ith  Cushing's syndrome, in c lu d in g  a d e sc r ip tio n  o f three c a se s . The 
fou rth  p a rt concerns A ddison's d ise a se  and some r e la te d  co n d itio n s . The 
su bjeot o f  in ter-en d ocr in e  r e la t io n sh ip s  i s  complex and re lev a n t d iscu ssio n  
w i l l  be in c lu d ed  in  each p art o f  the t h e s is .
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P A R T  O N E
m  STAINING- THE BASOHIIL CELLS OF THE HUMAN HYPOfHYSIS WITH 
SPECIAL REFERENCE TO THE ABNORMAL BASOPHIL CELLS OF CUSHINft'S
SYNTRCME.
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P A R T  O N E
ON STAINING- THE BASOPHIL CELLS OF THE HUMAN HYPOPHYSIS WIQH SPECIAL 
REFERENCE TO THE ABNORMAL BASOPHIL CELLS OF PUSHING’ S
SYNDROME.
P a th o lo g ic a l  ab n o rm a lity  in  th e  b a s o p h il  c e l l s  o f  th e  
human ly p o p ty s is  in  c a se s  o f  C u sh in g 's  syndrome may be very  complex.
A s in g le  b a s o p h il  c e l l  may show a re a s  o f norm al g r a n u la r i ty ,  a re a s  
o f  r e f r a c t i l e  h y a lin e  cy toplasm  (o f  Crooke) , norm al g ran u le s  
d is p e rs e d  around v a c u o le s , cong lom era tions o f  sm all v acu o les  o u t l in e d  
by d e l i c a t e  r e f r a c t i l e  cy to p lasm ic  th re a d s ,  one o r  more n u c le i  p re s s e d  
o u t as a  f in e  r i n d  and s c a llo p e d  by th e  vacuoles?, and cy to p lasm ic  
p ro c e sse s  e x ten d in g  o u t and em bracing su rro u n d in g  c e l l s  ( t h i s  
t h e s i s ,  p a r t  I I I ) . Though i t  may be th a t  a l l  t h i s  com plexity  i s  
e a s i l y  a n a ly se d  in  f r e s h  m a te r ia l ,  t h i s  is  n o t so i n  m a te r ia l  12-30  
h r .  post-m ortem , w ith  w hich I ,  and m ost m orbid  a n a to m is ts , have to  
d e a l .
The use o f  th e  term s a c id o p h il ,  f o r  th e  g ra n u le s ,  and 
b a s o p h il  f o r  th e  w g ra n u le s ,  o f  th e  a n te r io r  p i t u i t a r y  g land  
i s  t r a d i t i o n a l  b u t e rro n eo u s . The .> g ra n u le s  w i l l  ta k e  up many 
o f  th e  a c id  ctyes s tro n g ly  (Maximow and Bloom, 1939). This has le d  to  
much co n fu s io n  in  th e  p a s t  as has been  shown by B ig g a r t  (1934) h i h is  
in v e s t ig a t io n  o f the e f f e c t s  o f  c a s t r a t io n  on th e  a n te r io r  p i t u i t a r y  
g la n d . I  have found th a t  i f  a  s t a i n  i s  s p e c i f ic  f o r  (b a so p h il)  
g ra n u le s  th en  the  h y a lin e  cy top lasm  o f Crooke w i l l  appear u n s ta in e d . 
W hile under c e r t a in  c o n d itio n s  many dyes ( i r o n  and chrome haem atoxy lin s,
a n il in e  b lu e , m ethyl b lu e , e th y l v io le t )  w i l l  s ta in  J grains s p e c i f i c a l ly  
(Gomori, 1 9 } 9 ;  B a ilty .1939 ) } Crooke & R u s s e ll ,  1935) I  have found 
i t  n ecessary  in  th is  study to demand th a t th e method must perm it not 
on ly  o f  t in c t o r ia l  d if f e r e n t ia t io n  o f  granules from h ya lin e m a ter ia l, 
but a lso  o f  d i f f e r e n t ia l  n u clear s ta in in g . The methods d escr ib ed  here 
g iv e  b r i l l i a n t  t in c t o r ia l  d is t in c t io n s  between the components, n u c lea r , 
granular and cy top lasm ic , o f  the abnormal b asop h il c e l l s  o f  C ushing's 
syndrome* A cid  fu ch sin  i s  used as the main v e h ic le  of d is t in c t io n  fo r  
th ese  elem ents, even when d e p ic tin g  the b asop h il c e l l s  f in a l l y  in  th e ir  
tr a d it io n a l co lo u r in g  w ith  a n ilin e  blue* Methods have been introduced  
fo r  c la r i t y  o f d if f e r e n t ia t io n  to e lim in a te , a l t e r ,  or reduce the a f f in i t y  
o f  the a c id o p h il (x) granules fo r  a c id  fu ch sin .
One o c c a s io n a lly  f in d s  re feren ces  in  th e l i t e r a tu r e  to c e l l s  "not 
d e f in it e ly  b a so p h ilic ."  I t  would, th ere fo re , be of value to  have sim ple  
s ta in in g  techniques which are h ig h ly  s p e c i f i c  fo r  P gran u les. Two o f  my 
methods are sim p le, but h ig h ly  s p e c i f i c ,  methods in  which granules are 
the on ly  granular elem ents o f the hypophysis which are s ta in ed . 
Photographic records o f abnormal b asop h il c e l l s  have been made u sing  
the new methods. This has never been accom plished b efo re .
MATERIALS.
"N uclear s ta in in g  w ith  haem alum ." O v e rs ta in  w ith  haemalum (M ayer's  o r  
H a r r i s 's ) ,  d i f f e r e n t i a t e  w ith  a c id  a lc o h o l.  Any common haem atoxy lin  
n u c le a r  s t a i n  may he u se d , b u t sh o u ld  be d i f f e r e n t i a t e d  as 1  g ra n u le s  
ta k e  up some n u c le a r  s t a i n s .
"A cid fu c h s in " A 2/b aqueous s o lu t io n  o f  a c id  fu c h s in  c o n ta in in g  1y0 
o f  g l a c i a l  a c e t ic  a c id .
"A cid fu c h s in  (10% a c e t i c ) " -  th e  above, b u t w ith  10c/o g l a c i a l  a c e t ic  
a c id .
"A n ilin e  b lu e " A 2fo aqueous s o lu t io n  o f a n i l in e  b lu e  ( s o lu b le  b lu e , 
C .I .7 0 6  o r  7 0 7 ), c o n ta in in g  l-o o f  g l a c i a l  a c e t i c  a c id .
"A n ilin e  Blue (10% a c e t i c ) " -  th e  above, b u t w ith  10^ > g l a c i a l  a c e t ic  a c id . 
"P y rro l b lu e . " Where t h i s  b lu e  i s  m entioned  a f t e r  a n i l in e  b lu e  i t  
r e f e r s  to  th e  u se  o f  t h i s  dye, in  aqueous s o lu t io n ,  as b e in g  
p r e f e r a b le  to  a n i l in e  b lu e .  P y r r o l  b lu e  ( s o lu b le  b lu e ,  C .1 .710  -  
V ector) o v e r la y s  a c id - f u c h s in - s ta in e d  g ra n u le s  a t  a  s lo w er r a t e
th a n  a n i l in e  b lu e . I f  p y r ro l  b lu e  is  n o t o b ta in a b le ,  a  2/0 aqueous 
s o lu t io n  o f a n i l in e  b lu e  sh o u ld  be used .
"A lco h o lic  p h o sp h o tu n g s tic  a c i d . " 95$  e th y l  a lc o h o l, c o n ta in in g  2fo 
o f  p h o sp h o tu n g s tic  ( o r  phosphom olybdie) a c id .  The s l id e  sh o u ld  be 
r in s e d  in  95 >^ e th y l  a lc o h o l b e fo re  u se .
"S trong  d i f f e r e n t i a t o r . " P h o sp h o tu n g s tic  a c id ,  2 g . j  s a tu r a te d  
s o lu t io n  o f  p i c r i c  a c id  i n  95 >^ e t t y l  a lc o h o l,  70  m l .;  w a te r , 30 m l.
"Weak d i f f e r e n t i a t o r . " P h o sp h o tu n g s tic  a c id ,  2 g . ; s a tu r a te d  s o lu t io n  
o f  p i c r i c  a c id  in  95$> e th y l  a lc o h o l,  2f£> m l.;  w a te r , 60  m l.
"P icro -o ra n g e .H A 0 .2 $  s o lu t io n  o f  orange G- (C .1 .2 7 ) in  80$ e th y l  
a lc o h o l, sa tu r a ted  w ith p ic r ic  a c id  (Lendrum & MdParlane, 1940).
"Crystal v i o l e t . ” A 0 .5 $  aqueous s o lu t io n  o f  c r y s ta l  v io le t .
"A n ilin e  o i l / x y l o l . H A n ilin e  o i l ,  1 p art; pure x y lo l ,  4  p a r ts .
"Eosin" A 5$ aqueous s o lu t io n  o f  e o s in  w ith  f iv e  drops o f  formaldehyde 
per 100 m ils .
FIXATION.
The methods d escr ib ed  work w ith  a l l  common Zenker and form alin  
f ix a t iv e s .  I have u su a lly  employed, and f in d  p r e fe r a b le , the fo llo w in g  
methods.
(1 ) F ix  the whole gland in  10$ form alin  or  Formol-Zenker (eq u al p arts  
o f  10$ form alin  and Zenker’ s  so lu t io n  w ithout a c e t ic  acid ) fo r  1 hr.
(2 ) B is e c t  in  the h o r iz o n ta l p la n e , f i x  in  Formol-Zenker fo r  5 -6  hr.
(3 ) Transfer gland to  sa tu ra ted  aqueous so lu t io n  o f m ercuric ch lo r id e  
fo r  48-72 hr.
D ehydration i s  c a rr ied  out in  a b u ty l a lco h o l s e r ie s  ( s e e  Muir & 
R itc h ie , 1937); c lea r in g  in  b u ty l a lcoho l/ch loroform  -  chloroform  s e r ie s ;  
embedding in  p a r a ff in  fo r  24 hr. I f  the gland proves to be o f excep tion a l 
in t e r e s t ,  th e  two b locks are b is e c te d  in  the v e r t ic a l  p lan e and re-embedded 
the sm aller  b locks are more su ita b le  f o r  c u tt in g  th in  s e c t io n s . I f  10$  
form alin  i s  used a lo n e , f ix a t io n  should  be continued fo r  72 hr. and the  
se c t io n s  req u ire  mordanting in  M u ller's f lu id  (2 4  h r .)  fo llo w ed  by 
washing in  tap water (10 mini).
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In  m y  exp erien ce, b a s o p h il - c e l l  h y a lin iz a t io n  i s  so  conspicuous 
in  th e hypophysis from ca ses  o f C ushing's syndrome th at v is u a l  in sp e c tio n  
o f  the h y a lin e  cytoplasm  a n d /  granu les, a t various s ta g es  o f  d if f e r e n t ia t io n  
in  the s ta in in g  methods, can be c a r r ie d  out w ith  th e  low power o f the  
m icroscope. In  th e  hypophyses from a l l  other con d ition s even a s in g le  
h y a lin e  b aso p h il c e l l  i s  r a r e ly  encountered. The c r i t e r io n  o f  
d if f e r e n t ia t io n  i s ,  in  those c a s e s ,  n ot th a t  o f  maximal co n tra st between 
jS granules and h y a lin e , but o f  maximum d isc r e te n e ss  and in te n s ity  o f  
s ta in in g  o f /  gran u les. Using t h is  c r i t e r io n  any h ya lin e o a l l  encountered  
in  glands from ro u tin e  autopsy ca ses  has shown good t in c t o r ia l  co n tra st  
betw een /3 granules and h ya lin e  cytoplasm .
STAINING METHODS
METHOD IA. A s p e c i f i c  acidr-fuchsin s ta in  fo r  J  g ran u les, 
w ith  d if f e r e n t ia t io n  o f  h ya lin e  cytoplasm .
P r in c ip le .
I f  a  s e c t io n  i s  mordanted in  a lc o h o lic  phosphotungstic a c id  and 
subsequently  s ta in e d  w ith  a c id  fu ch sin , on ly  the /  granules and stroma 
are s ta in e d . A ll o th er  elem en ts, in c lu d in g  oc granules and hya lin e  
cytoplasm , remain unco loured . On s ta in in g  w ith  a n ilin e  b lu e , the  
con n ective t is s u e  and h yalin e cytoplasm  ra p id ly  become b lu e . Thus, in  
the h ya lin e  basoph il c e l l  a b r i l l ia n t  co n tra st i s  obtained  between
/ 3  g ra n u le s  ( re d )  and h y a lin e  (b lu e )  m a te r ia l ,  w h ile  in s p e c t io n  o f th e se  
elem ents i s  made easy  s in c e  th e  cy top lasm  o f  a c id o p h il  c e l l s  and 
chromophobe c e l l s  appears p r a c t i c a l l y  u n s ta in e d .
T echnique.
(1) M ordant s e c t io n  in  a lc o h o lic  p h o sp h o tu n g stic  a c id  f o r  2-5  min.
(2) R ise  b r i e f l y  in  ta p  w a te r .
(3) S ta in  in  " a c id  fu c h s in  ( 1 0 /  a c e t i c ) " in s p e c t in g  a t  in t e r v a l s .  
I n  a  s h o r t  tim e (2 -6  m in .) ttie^ g ra n u le s  and 3 trom a become b r ig h t  
r e d ;  no o th e r  e lem ents in  th e  a n t e r io r  p i t u i t a r y  a re  s ta in e d ,  a p a r t  
from  a  f a i n t  r e d  s ta in in g  o f th e  n u c le i .  In  h y a lin e  b a so p h il c e l l 3 
th e  h y a lin e  cy top lasm  rem ains u n s ta in e d  and appears as c l e a r  r e f r a c t i l e  
zones c o n t r a s t in g  w ith  th e  b r ig h t ly  s ta in e d  , J  g ra n u le s .  Stop 
s ta in in g  w ith  " a c id  fu c h s in  10/  a c e t ic "  when th e  5 g ran u le s  a re  b r ig h t  
r e d ,  b u t s t i l l  as d i s c r e te  as p o s s ib le ;  r in s e  b r i e f l y  in  ta p  w a te r. 
(O v e rs ta in in g  can be red u ced  by w ashing in  ta p  w a te r . ) .
(4) S ta in  in  'a n i l in e  b lu e  ( p y r r o l  b lu e ) , in s p e c t in g  a t  1-min 
I n te r v a l s .  The s tro m a  r a p id ly  ta k e s  on b lu e , l a t e r  (2 -5  m in .) th e  
h y a lin e  cy top lasm  becomes s ta in e d  a  deep b lu e . S top s ta in in g  when 
maximum c o n t r a s t  i s  o b ta in e d  betw een h y a lin e  cytoplasm  (b lu e ) and J  
g ra n u le s  (re d ) •
(5) R in se  in  1 /  aqueous a c e t ic  a c id ,  dehydra te  r a p id ly  and mount. 
R e s u l t .
B aso p h il c e l l s ;  , £  g ra n u le s , b r ig h t  r e d ;  h y a lin e  cy top lasm , b lu e ; 
n u c le i ,  f a i n t  re d . Cytoplasm  o f th e  a c id o p h il and chromox->hobe c e l l s ,
very f a in t  d if fu s e  b lue or red; a c id o p h il - c e ll  n u c le i take on the  
a n ilin e  b lu e i f  tbe duration  o f  the s ta in in g  i s  s u f f i c ie n t  ( F ig . 1 . ),
M o d ifica tio n s o f  Method 1A
N uclear re  in f  or cement. Sharp nuclear d e t a i l  (dark brown) i s  obtained  
by s ta in in g  w ith  haemalum, w ith  or w ithout b lu e in g . The nuclear  
s ta in in g  i s  in troduced  b efo re  th e method described .
Io d in e . Iod in e  has a  very pow erful mordanting e f f e c t  in  in crea sin g  
th e  a e id -fu c h s in  s p e c i f i c i t y  o f fi granu les. I t  i s  used  in  th e  above 
method by mordanting the s e c t io n  in  Gram's io d in e  fo r  2 -5  mins. before  
mordanting in  a lc o h o lic  phosphotungstic acid . The io d in e  c o lo r a tio n  
i s  r a p id ly  removed from the s e c t io n  in  the l a t t e r  so lu t io n . Iod ine  
cannot be used  where deep n u clear s ta in in g  i s  requ ired .
P i  o ra tio n . The p r in c ip le  o f  "p icration"  i s  d e a lt  w ith  under Method I I .  
S ta in in g  w ith  p icro-orange (5  m in s.) can be in troduced  in  t h is  method, 
a f t e r  n u clear  s ta in in g , but b efo re  iod in e  treatm ent or mordanting w ith  
a lc o h o lic  phosphotungstic a c id . This w i l l  impart a  b r ig h t y e llo w  
c o lo r a t io n  to the a c id o p h il c e l l s ,  chromophobe c e l l s  and red  blood  
c e l l s ,  and thus provide a good background fo r  in sp e c tio n  o f the b a sop h il 
c e l l s .
N otes
I f  a n il in e  b lu e s ta in in g  i s  continued  beyond the l im it s  s ta te d , the  
a c id -fu c h s in -s ta in e d  /  granules are ev en tu a lly  o v e r la id  w ith  a n ilin e  
b lu e  to  become alm ost b lack ; the granules o f  immature c e l l s  ( f e e b ly  
sta in ed ) are o v e r la id  b efore  th e  granules o f  mature o e l l s )  • The t in c t o r ia l
13.
c o n tr a s t  between f> granules and h ya lin e  cytoplasm  in  terms o f b lu e  
can be in creased , and s ta in in g  o f o th er elem ents e lim in a ted  by 
subsequent treatm ent w ith  the weak d if f e r e n t ia to r .
METHOD IB.  An e o s in -a n ilin e -b lu e  s ta in in g  technique  
fo r  the a n ter io r  p itu ita r y  gland.
P r in c ip le .
I f  a  se c t io n  i s  s ta in e d  w ith  a n ilin e  b lu e , though the /> granules 
take on the dye more in te n s e ly  than oth er c e l lu la r  elem ents, no s p e c i f i c  
s ta in in g  r e s u lt s  can be ob ta in ed . A fter  mordanting w ith  aqueous so lu tio n s  
o f  phosphomolybdic ac id  (o r  phosphotungstic a c id ) ,  a n ilin e  b lue w i l l  s ta in  
th e b asop h il c e l l s  e x c lu s iv e ly , but th ere i s  no t in c t o r ia l  d is t in c t io n  
between /  granules and h ya lin e cytoplasm  and the s ta in  tends to  be  
d if fu s e .  I f ,  however, the s e c t io n  i s  mordanted w ith  a lc o h o lic  
phosphotungstic a c id  and the a c e t ic  a c id  con ten t o f  the a n il in e  b lue  
s o lu t io n  i s  r a ise d  t o  10% the /  granules are s tro n g ly  s ta in e d  w hile  
a l l  o th er c e l lu la r  e lem ents, in c lu d in g  h ya lin e  cytoplasm  become 
r e s is ta n t  to  s ta in in g  w ith  a n ilin e  b lu e . A lco h o lic  phosphotungstic  
a c id  has no e f f e c t  on s ta in in g  w ith  e o s in .
Technique :
(1 ) N uclear s ta in in g  w ith  haemalum.
(2) S ta in  in  e o s in , 10 min.
alone
(3 ) Wash in  tap-w ater u n t i l  the ac id op h il c e l l s  a re /s tr o n g ly  
s ta in e d , 5 min.
(4 ) Mordant in  a lc o h o lic  phosphotungstic a c id , 2 min.
(5 ) R inse b r ie f ly  in  tap -w ater and s t a in  in  " a n ilin e  b lue  
(10$  acetic),**  5 min.
( 6) R inse in  1$ aqueous a c e t ic  a c id .
Dehydrate and mount.
R esu lt : N u c le i, brown; b asoph il c e l l s ;  gran u les, deep b lue;
h ya lin e  m a ter ia l, almost c o lo u r le s s ;  a c id o p h il 
gran u les, red; chromophobe cytoplasm , grey .
N ote ; D if fe r e n t ia t io n  between b a sop h il granules and h yalin e  
cytoplasm  in  terms o f  a n il in e  b lu e  i s  so  c le a r  cut 
th a t w ith  stron g  e o s in  s ta in in g , in troduced  b e fo re , or 
a f t e r ,  s ta in in g  w ith a n il in e  b lu e , h ya lin e cytoplasm  
can be s ta in e d  b r ig h t red . Thus the co n tra st between  
b asoph il granules (deep b lue) and h ya lin e cytoplasm  (re< 
can be ob ta in ed .
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METHOD I I . D if f e r e n t ia l  s ta in in g  0f  a i l  the elem ents in  th e  
an ter io r  p itu ita r y  w ith  s p e c ia l  referen oe to  the  
p itu ita r y  gland o f  Cushing’s  syndrome*
This method i s  d escrib ed  because i t  a llow s d ep io tio n  o f the  
a n ter io r  p it u it a r y  in  terms o f  M allory’s o r ig in a l method. I t  i s  
e s s e n t ia l ly  a  m o d ifica tio n  o f  th e  M allory te ch n iq u e .
P r in c ip le s  -
P i o r a tio n . Lendrum & McFarlane (1940) have shown th a t the in tro d u ctio n  
o f  an a lc o h o lic  s o lu t io n  o f p ic r ic  a c id  co n ta in in g  orange G- would ensure  
a uniform y e llo w  c o lo r a tio n  o f  the red  blood  c e l l s  when using  M allory’ s  
s ta in ,  no m atter what f ix a t iv e  was used. T his s o lu t io n  a lso  prevents  
th e f u l l  s ta in in g  o f  th e a c id o p h il c e l l s  w ith  a c id  fu ch sin . The degree 
o f  s ta in in g  o f  th e  a c id o p h il c e l l s  may be c o n tr o lle d  by adjustment o f  
the duration  o f  immersion in  p icro-orange and a c id  fu ch sin  and o f  the  
in term ediate washing in  tap water ( « f . Table 1 ) .  I f  i t  i s  d es ired  to  
have the ^  granules s ta in e d  red
TABLE I
S ta in in g  procedure (m in .) RESULTS
Washing in  R.B.C. granules /3 granules
P iero-orange tap w ater. Acid fu ch sin  ________________________________
1 . 2 20 10 Y ellow  Red Red
2. 2 7 10 Yellow Deep orange- Red.
red .
3* 2 3 10 Y ellow  L ight orange Red
4* 10 1 5 Yellow  Y ellow  Red
ra th er  than orange in  subsequent s ta g es  then i t  i s  on ly  n ecessary  to
s ta in  fo r  a lo n g er  tim e in  a c id  fu ch sin ; the p ic r ic  a c id  i s  d is so lv e d
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o u t o f the c e l l s  in to  th e s ta in in g  so lu t io n  and fu r th er  a c id -fu c h s in  
s ta in in g  occurs* The p r a c t ic a l  advantages o f  p ic r a tio n  are: the
y e llo w  c o lo r a t io n  o f  th e  red  b lood  c e l l s ;  f a c i l i t a t i o n  o f  the co n tro l 
o f  subsequent a c id -fu c h s in  s ta in in g  s in c e  the orange-red a c id o p h il 
c e l l s  are e a s i l y  d if f e r e n t ia te d  from th e  deep red  basophil c e l l s ;  the  
a c id o p h il c e l l s  can be d ep icted  orange or orange-red  when a c id -fu o h sin  
s ta in in g  i s  used fo r /3  granules*
D if fe r e n t ia t io n . In  s e c t io n s  s ta in e d  w ith  a c id  fu ch sin  a l l  elem ents, 
in clu d in g  ^  and /? gran u les, are s ta in e d  and removal of the s ta in  from 
th e  d if fe r e n t  elem ents by a lc o h o lic  phosphotungstic a c id  i s  in s u f f ic ie n t ly  
c o n tr o lla b le  to  be o f  p r a c t ic a l  u se . D eco lo r iza tio n  o f  the stroma and 
h ya lin e cytoplasm  may be ob ta in ed  by u sin g  aqueous phosphomolybdic a c id  
or b e tte r  by u sing a lc o h o lic  phosphotungstic a c id  con ta in in g  p ic r ic  acid  
(stron g  d if f e r e n t ia t o r ) .  When Formol-Zenker/ co rro siv e  sublim ate -  
f ix e d  se c t io n s  are s ta in e d  w ith  th e  standard a c id  fu ch sin , subsequent 
washing in  tap water d e c o lo r iz e s  the /? granules but not the 00 granules. 
I f  a c id  fu ch sin  co n ta in in g  10^ > o f  a c e t ic  a c id  i s  used the co n d itio n s are  
reversed , the ft granules b ein g  stro n g ly  s ta in e d  and the ^  granules on ly  
fe e b ly ;  th is  may account fo r  the a c tio n  o f the p icro-orange d escrib ed  
above s in c e  the la t t e r  s o lu t io n  i s  a c id . Standard a c id  fu ch sin  
contain ing  1;% o f  a c e t ic  a c id  shows l i t t l e  d is t in c t io n  between /> granules 
and h ya lin e cytoplasm , whereas th e  so lu t io n  w ith  the h igher concentration  
o f  a c e t ic  a c id  only  a llow s fe e b le  s ta in in g  o f the h ya lin e m a ter ia l. This 
may exp la in  the advantages o f  u sin g  ac id -co n ta in in g  d if fe r e n t ia to r s  rather
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than aqueous phosphomolybdic a c id  s o lu t io n , though th e a lc o h o l con ten t  
o f  the weak and stron g  d if f e r e n t ia to r s  used here may be p a r t ly  
resp o n sib le  f o r  the b e t te r  a c t io n  ( c f .  method I ,  where mordanting w ith  
a lc o h o lic  phosphotungstic a c id  con fin ed  the a c id -fu ch s in  s ta in in g  to  
th e  f t  g ra n u les).
Counter s ta in in g . Two methods are a v a ila b le . When granules are 
sta in ed  w ith  a c id  fu ch sin  and stroma and h y a lin e  cytoplaatu d eco lor ized ;  
e ith e r  subsequent a n ilin e -b lu e  s ta in in g  i s  stopped  when the stroma and 
h y a lin e  cytoplasm  are s ta in e d  (method IXA), or the a n ilin e -b lu e  s ta in in g  
i s  continued  u n t i l  the a c id -fu c h s in -s ta in e d  granules are o v e r la id  w ith  
blue to  become alm ost b lack  w h ile  the h y a lin e  cytoplasm  remains b lu e  and 
the granules remain u n a ffec ted  (method IIB)
Technique: method IIA
(1) N uclear s ta in in g  w ith  haemal urn .
(2 ) S ta in  in  p icro-oran ge and wash in  tap w ater to  a degree which
w i l l  a llow  orange s ta in in g  o f  the acid o p h il c e l l s  in  sta g e  ( 3) .
(3 ) S ta in  in  a c id  fu c h sin  u n t i l  b asop h il c e l l s  are deep red  (10 m in ,);
the a c id o p h il c e l l s  w i l l  be orange-red.
(4 ) D if fe r e n t ia te  w ith  stron g  d if f e r e n t ia to r ,  in sp ec t a t  frequent  
in te r v a ls ,  and stop  when th e  h ya lin e  cytoplasm  i s  d eco lo r ize d  -  the
/i granules w i l l  s t i l l  be a deep red .
(5 ) R in se in  tap  w ater.
( 6) S ta in  in  a n ilin e  b lu e  (p yrro l b lu e ) ; s to p  s ta in in g  when the
h yaline m ateria l becomes b lu e , but b efo re  the fi granules are o v e r la id  
w ith  b lu e .
(7 ) R inse in  1% a c e t ic  ac id ; dehydrate ra p id ly  and mount.
R esu lt
Basophil c e l l s :  gran u les, b r ig h t red; h ya lin e  m a ter ia l, b r ig h t b lu e;
n u cleu s, brownish red .
A cidophil c e l l s :  gran u les, orange red; n u c le i ,  b lue -  some are red .
Chromophobe c e l l s : grey.
Stroma, deep b lu e; red  b lood  co rp u sc le s , y e llo w  ( P ig . 2 . )
Technique: method IIB
The same method o f  s ta in in g  and d if f e r e n t ia t io n  i s  ca rr ied  out as 
fo r  method IIA  u n t i l  s ta g e  (3) ,  excep t th a t on ly  a very s l ig h t  degree 
o f  p ia r a t io n , s u f f i c ie n t  to  d is t in g u ish  the a c id o p h il c e l l s  (deep  
orange-red) from* the b asop h il c e l l s  (deep r e d ) , i s  used . In  the  
subsequent a n ilin e -b lu e  s ta in in g , p ic r ic  a c id  w i l l  d is s o lv e  out o f
the a c id o p h il c e l l s ,  le a v in g  them red . At s ta g e  ( 6) proceed as fo llo w s:
. << :
( 6) O verstain  in  a n il in e  b lue (10^ a c e t ic )  ,10 -15  m in.; the a n ilin e  
blue w i l l  overlay  the a c id -fu c h s in -s ta in e d  ft gran u les. Stop s ta in in g  
when th e b asoph il c e i l s  are a deep b lu e -b la cx . R inse in  1% a c e t ic  a c id .
(7 ) D if fe r e n t ia te  in  weak d if f e r e n t ia to r  ( 5 - 1 5  m in .); i t  w i l l  be 
found th at h ya lin e cytoplasm  lo s e s  a n ilin e  b lue much f a s t e r  than the
ft granules; stop  d if f e r e n t ia t in g  when maximum co n tra st between h ya lin e  
cytoplasm  and ft granules i s  a tta in ed . Dehydrate and mount.
R esu lt
B asophil c e l l s ;  gran u les, deep b lu e; h ya lin e  cytoplasm , l i g h t  
grey; n u c le i ,  brownish red .
A cidophil c e l l s :  gran u les, b r ig h t red; n u c le i ,  b lue -  some are red.
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Chromophobe c e l l s :  very l i g h t  grey.
Stroma: deep b lu e; red  b lood  co r p u sc le s , y e llo w  ( P ig . 3- )
D iscu ssion
Method IIA g iv e s  s im ila r  r e s u l t s ,  in  th e hya lin e b asop h il c e l l s ,  
to  method 1A, but the t in c t o r ia l  d is t in c t io n s  in  the former method are 
n ot n ea r ly  so b r i l l i a n t ,  and i t  req u ires long p r a c tic e  to  ach ieve good 
r e s u l t .  I  no longer employ th is  method, but have d escrib ed  i t  beoause 
i t  i s  on ly  by going through the s ta g e  o f d if f e r e n t ia t io n  n ecessary  in  
method IIA that the f in e  d is t in c t io n  between / 3  granules and h yalin e  
cytoplasm  can be ob ta in ed  in  method IIB . I  con sid er th a t a c r ite r io n  
o f  d if f e r e n t ia t io n  s im ila r  to  th a t which I  have d escrib ed  w i l l  be 
requ ired  a t some sta g e  o f  d if f e r e n t ia t io n  b efore any trichrom ic s ta in in g
method w i l l  g iv e  good d if f e r e n t ia t io n  o f  the various elem ents in  the
abnormal b asoph il c e l l s  o f C ushing's syndrome. Method IIB g iv es  the  
t in c t o r ia l  d is t in c t io n s  between granules and n u c le i on which Severinghaus 
bases h is  chromophobe /  chromophil p itu ita r y  c y c le s  (Severinghaus, 1938)* 
In  s ta in in g  normal g lands, I  use the fo llo w in g  c r i t e r ia  of d if fe r e n t ia t io n :
Stage ( 3 ) ,  stop  s ta in in g  w ith  a c id  fu ch sin  when granules are as 
deeply s ta in e d  as p o s s ib le  w ithout a llow in g  a c id  fu ch sin  s ta in in g  o f  the  
red  blood co rp u sc les .
S tage (4) d if f e r e n t ia t e  fo r  1 min.
S tage ( 7 ) ,  d if f e r e n t ia t e  u n t i l  fi granules are as d is c r e te  as 
p o s s ib le .
Methods 1A and IB are much sim p ler , and e a s ie r  to  carry ou t, 
than Method I I .  In  Method I I  con sid erab le  experience i s  requ ired  
to ob tain  the f in e r  s ta g es  o f  d if f e r e n t ia t io n . Method I I  was, however,
the o r ig in a l technique from which Methods 1A and IB were e lab orated . 
The w r ite r  con sid ers  th a t Method I I  g iv e s  the most b r i l l ia n t  
t in c t o r ia l  d i f f e r e n t ia t io n  between n u cleu s , gran u les, and ty a lin e  
cytoplasm  in  the b a so p h il c e l l s .
METHOD I I I .  The m od ified  Cram* s  s ta in  fo r  f t  granules o f  the
a n ter io r  p itu ita r y .
P r in c ip le
I f  we use Gram’ s  s ta in  fo r  b a c te r ia , the b asoph il granules are 
stro n g ly  G ram -positive r e la t iv e  to  a l l  o th er  s tru ctu res  in  the a n ter io r  
p itu ita r y  gland.
Technique
( 1) S ec tio n  to  w ater
(2 ) St%in w ith  c r y s ta l  v io l e t ,  5 min.
(3 ) Mordant in  10% aqueous so lu t io n  o f  sodium ch lo r id e , 10 min.
(4 ) Mordant in  Gram's io d in e , 10 min.
(5 ) R inse in  w ater.
(6) B lo t d iy .
(7 ) D if fe r e n t ia te  in  a n ilin e  o i l / x y l o l ,  r in s in g  in  pure x y lo l  and
in sp e c tin g  a t in t e r v a ls .  A ll the elem ents except th e  fo granules  
ra p id ly  d e c o lo r iz e  (1 -3  m in .) , le a v in g  the fS granules deep b lu e , 
alm ost b lack , as the on ly  s ta in e d  elem ents. The r e a c tio n  i s  h ig h ly  
s p e c i f ic  and i t  may be as lon g  as 20 min. a f te r  the other elem ents 
are d eco lo r ized  b efore  ex cess  c r y s ta l v io l e t  i s  removed s u f f i c ie n t ly  
from the granules f o r  them to appear d is c r e te .  This la t t e r  
d e c o lo r iz a t io n , i f  to o  slow , should  be hastened by u sin g  a greater  
p roportion  o f  a n ilin e  o i l  in  the x y lo l  or by breath ing on the s l id e .  
S a lin e  was in troduced  fo r  Gram's s ta in  by K irkpatrick  ( s e e  Muir & 
R itc h ie , 1937). I t  i s  unnecessary to  u se  s a lin e  in  the s ta in in g  o f  
fr e sh  g lan d s, but I  have found th a t i t s  u se  makes the r e a c tio n  more 
s p e c i f ic  in  o ld e r  m a ter ia l. In  fr e s h  m ateria l (4 -6  hr. post-mortem) 
d if fe r e n t ia t io n  can a lso  be c a r r ie d  out by a ce to n e -x y lo l m ixtures.
The Gram r e a c t io n  i s  so h ig h ly  s p e c i f ic  th a t I have never f a i l e d  to  
s ta in  /3 granules d is c r e te ly  in  m ateria l up to  24 hr post-portem .
In  th is  method, h ya lin e  cytoplasm  i s  very rap id ly  d eco lo r ized  
( l  m in.) and stands out as g ra n u le-free  r e f r a c t i l e  areas, co n tra stin g  
w ith  the h e a v ily  s t a in e d /S gran u les. As a co u n tersta in , I  u su a lly  
employ n eu tra l red  (10 m in .) , fo llo w ed  by carmalum (10 m in .) . 
C ounterstain ing i s  introduced  b efore the general method. With th is  
method ky a lin e  cytoplasm  is  coloured  red d ish  y e llo w , co n tra stin g  w ith  
the red  nucleus and the almost b lack  /$■ gran u les, w hile a l l  other  
granular elem ents in  th e  a n ter io r  p itu ita r y  are on ly  fe e b ly  s ta in e d  
w ith  the cou n tersta in .
P r in c ip le
(
Method I I I
T A B L E  II
BASOPHILS. 
/
Method# G ra n u le s . H v a lin e . N ucleus.
Gram B laok ,
ACIDOPHILS. CHROMOPHOBES. STROMA.
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P i t u i t a r y  g la n d  in  A dd iso n 's  d is e a s e .
NOTE th e  absence o f  a re a s  r i c h  in  b a so p h il  c e l l s .  
Compare w ith  s l i d e  2 showing la rg e  ( re d )  a re a s  r i c h  
in  b a s o p h il  c e l l s .  The s tro m a l s t a i n  ( a n i l i n e  b lu e ) 
has been  c a r r i e d  to  s l i g h t  excess f o r  p h o to g rap h ic  
p u rp o se s .
METHOD IA Naked eye
to  10, from  p i t u i t a r y  g la n d  o f case  of C ushing’s 
syndrome (Case 3? p a r t  I I I ) .
M ethod 1A; 3 g ra n u le s ,  r e d ;  h y a lin e  cy top lasm , b lu e ,
w ith o u t haemalum o r p ic ro -o ra n g e . 
w ith  io d in e  and p ic ro -o ra n g e .
very l ig h t
w ith  heavy n u c le a r  s ta in in g .  grey
Method IB ; .3  g ra n u le s , b lu e ;  h y a lin e  cytoplasm ^
*ed
w ith  l ig h t  d i f f e r e n t ia l  eo s in  
w ith  heavy eo s in .
METHOD IIB ; /3 gran u les, deep b lue; hyaline cytoplasm , 
l ig h t  grey; nucleus -  b righ t red , ( t h is  
t in c t o r ia l  d is t in c t io n  has never been 
accom plished p rev io u sly  by any worker)
Acid fu ch sin  has been used  to excess so that th ere is  no 
d is t in c t io n  between a cid op h ils  and chromophobes.
Method I I I . ,3  g ra n u le s , b lu e -b la c k
h y a l in e , l i g h t  re d d is h  y e llow  o r  unco loured .
w ith  heavy c o u n te r s ta in .
w ith  l i g h t  co u n te r  s t a i n .
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Comparison o f  the d if fe r e n t  methods.
The r e s u lt s  ob ta ined , u s in g  the d if fe r e n t  methods, are 
shown in  ta b le  2. a  s e t  o f  s l id e s  i s  provided to  i l lu s t r a t e  
the methods( s e e  page 23) .
R e la t iv e  proportion  o f  the various c e l l  types in  
the a n ter io r  p itu ita r y .
Rasmussen (1929, 1933) has d escrib ed  a method o f  d i f f e r e n t ia l  
counting o f the c e l l s  o f the a n ter io r  p itu ita r y  gland, and has s e t  
normal v a r ia t io n s . Rasmussen's ta b le s  o f  th e  minimal, maximal, 
median and mean percentages o f the d if fe r e n t  types o f  c e l l s  in  normal 
males and fem ales are g iven  in  ta b le  3 . . The method in vo lves the
counting o f approxim ately 20,000 c e l l s  in  each gland and i s  time 
consuming. By method 1A i t  i s  p o s s ib le  to  s ta in  the b asop h il c e l l s  
a b righ t red  w hile  a l l  other c e l lu la r  elem ents are s ta in e d  b righ t ye llo w . 
The basoph il c e l l s  o f  the a n ter io r  p itu ita r y  gland are commonly 
d is tr ib u te d  in  zones r ic h  in  those c e l l s .  Using the above method 
zones r ic h  in  b asoph il c e l l s  are e a s i ly  recogn ised  by the naked eye; 
basophil c e l l s  in  areas o f  sp arser  d is tr ib u t io n  can be seen e a s i ly  
w ith  the low  power o f the m icroscope. S im ilar  r e s u lt s  are obtained  
using the m od ified  Gram's s ta in .  In  my co n tro l s e r ie s  o f p itu ita r y  
g lands from ro u tin e  a u to p sie s , r e fe rred  to  in  p art I I I  o f  th is  t h e s is ,
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T A B L E  I I I
P e rc e n ta g e  o f d i f f e r e n t  c e l l s  in  norm al s u b je c ts  (Rasmussen 1929, 1933J•
C e ll  ty p es Minimum Maximum Median
Mean and 
p ro b ab le  
e r r o r
S tan d a rd
d e v ia t io n
C o e ff ic ie n t
o f
v a r ia t io n .
A. 100 norm al a d u l t  m ales.
Chromophobe 34.0 65.9 54.3 52.2db0.54 7.98 15
A cidoph il ' 22.6 5 8 .9 34.8 36.8rt0.52 7.78 21
B asoph il 4.5 27.4 10.0 I0 .9= t0 .25 3.71 34
B. 94 norm al non -p reg n an t a d u l t  fem a les .
Chromophobe 32.9 74.1 4 9 .0
1
49.6rfco.47 6.79 14
A cidoph il 19.2 57.5 44.2 4 3 . 4 ^ 0 .5 6 8.10 19
B asoph il
..
3 .0 15.6 6.6 7.0rfc0.20 2.94 42
th ere are glands from th ree  normal young ad u lt su b jec ts  k i l l e d  in  road  
accidents* In  th ose  glands areas r ic h  in  b asoph il o e l l s  take up 
approxim ately -§ t o 6 o f  the t o t a l  area in  s e c t io n s  s e le o te d  from  
le v e l s  a t 3 , ^ and ;§ o f  the t o t a l  depth o f  th e gland. A s im ila r
r e s u lt  a p p lie s  to  70 o f  80 glands o f  the co n tro l s e r ie s  examined by
th e same method from su b jec ts  dying from various d is e a se s . Though 
presen t co n d itio n s have n ot allow ed o f a length y  comparison o f  th is  
method w ith  Rasmussen*s method the w r iter  can j u s t i f ia b ly  olaim  to be 
ab le to  reco g n ise  glands which have a proportion  o f  b asoph il c e l l s  w e ll  
w ith in  normal l im it s  and a lso  glands which have a proportion  w e ll o u tsid e  
normal l im it s .  In  th is  th e s is  ob servation s concerning r e la t iv e  
proportions o f  b asop h il c e l l s  are con fin ed  to  those two c a te g o r ie s .
In  those cases in  which I have ca rr ied  out Rasmussen counts the r e s u lt
agreed w ith  the im pression obtained  by in sp ec tio n .
The a c id o p h il c e l l s .
I t  has not been found p o s s ib le  to  evo lve a method whereby the  
acid op h il granules are s tro n g ly  s ta in e d  w h ile  a l l  other c e l lu la r  
elements in  th e a n ter io r  p itu ita r y  remain unsta ined , or are l i g h t ly  
sta in ed  in  a s in g le  co n tra stin g  co lou r . The granules o f  the acid o p h il 
c e l l s  are more c lo s e ly  packed than the granules o f the b asoph il c e l l s  
and, consequently , i t  i s  more d i f f i c u l t  to ob ta in  d is c r e te  s ta in in g  o f  
those elem ents in  post-mortem m ateria l. I  f in d  th a t d if f e r e n t ia l  
s ta in in g  w ith  aqueous eo s in  g iv es  b est r e s u lt s  fo r  the a c id o p h il
granules and, th e r e fo r e , have used  method IB f o r  th e ir  s p e c ia l  study,
HISTOLOGICAL FINDINGS.
Apart from th e  e a s i ly  ob ta ined  b r i l l i a n t  co n tra st which the a c id -  fu ch sin  
s ta in  and the m od ified  Grain's s ta in  make between fi granules and h ya lin e , 
I  have found th ese  methods o f  value in  the study o f  immature c e l l s .
Anyone who s tu d ie s  adult human a n ter io r  p itu ita r y  glands from rou tin e  
autopsy m ateria l must be stru ck  w ith  the great v a r ia tio n  o f t in c to r ia l  
a f f in i t y  and granular d is tr ib u t io n  in  c e l l s  which are c le a r ly  n e ith er  
mature chromophil c e l l s  nor chromophobe c e l l s .  Using any m odified  
Mallory or eosin /m ethylene b lu e s ta in  on post-mortem m a ter ia l, I have 
found th a t the granules o f many o f  th ese  immature c e l l s  can be made to  
take on characters o f  the granules o f  e i th e r  the acidoph il or b asoph il 
l in e .  While th is  i s  la r g e ly  due to  th e  insurmountable d i f f i c u l t y  o f  
post-mortem change and, in  any ca se , care should n a tu ra lly  be taken in  
making any deduction from th e appearances, I  b e lie v e  th a t the s p e c if ic
a c id -fu c h s in  s t a in  fo r  fi  granules and the m odified  Gram s t a in  are so  
h ig h ly  s p e c i f i c  th a t any immature c e l l  which shows, by th ese  methods, 
some granules s ta in e d  s im ila r ly  to  the granules o f the mature b asoph il 
c e l l s  belon gs to  the b asop h il lin e *  In a d d itio n , the s ta in in g  o f  the  
granules w ith  one dye alone o b v ia tes  the com plexity o f  having the 
granules s ta in e d  by a com bination o f dyes which, as I have already  
p o in ted  o u t, may ob ta in  in  m o d ifica tio n s o f  the M allory met hod, (METHOD IIB) 
Some authors have r e fe r r e d  to  C rooke's h ya lin e change as a p rocess  
o f  degranu lation . In  ad d itio n  to having the very d if fe r e n t  s ta in in g  
p ro p ertie s  from ft gran u les, which I  have d escrib ed , the h yalin e  
cytoplasm  o f  Crooke i s  r e f r a c t i l e ,  g ra n u le -fre e , and has a regu lar  
mode o f d is tr ib u t io n  in  the c e i l  (Crooke, 1935). The e a r l ie s t  le s io n  
appears as a minute subperipheral zone a few granules below the su rf ace 
( s e e  th is  th e s is  p art III , P ig .11 ) ;  thence ty a lin e  m ateria l advances 
c e n tr ip e ta lly ,  lea v in g  in  more advanced h y a lin iz a t io n  two granular 
areas: one oft th a t s id e  o f  th e  e c c e n tr ic  nucleus having the most
abundant cytoplasm , and another on the periphery o f  the c e l l .  U ltim ate ly , 
the c e l l  may be com pletely  h y a lin iz e d  though more commonly remnants o f  
the p erip h era l granular rim p e r s i s t .  On the other hand, the term 
degranulation  has long been ap p lied  to  a p rocess in  the basophil c e l l s  
■which i s  p resen t to  some ex ten t in  every human hypopl^ysis. The b asoph il 
c e l l s  con ta in  areas which are not e n t ir e ly  gran u le-free  but have a 
sparser d is tr ib u t io n  o f  granules than the surrounding cytoplasm . The 
granules in  th e area l i e  in  a ground substance which i s  not r e f r a c t i le  
but has the almost im perceptib le f in e  matt surface s im ila r  in  appearance
to  the chromophobe cytoplasm  in  post-mortem m ateria l and which has 
th e  in d if fe r e n t  s ta in in g  p ro p er tie s  o f chromophobe cytoplasm  as 
opposed to  the b r i l l ia n t  co lo ra tio n  which ly  a lin e  cytoplasm  can take  
on* Furtherm ore, th ese  areas o f  degranu lation  have no system atic  
mode o f  d is tr ib u t io n  in  the c e l l  l ik e  th a t o f  h yaline cytoplasm , though 
they are , in  my exp erien ce, found most commonly in  a Juxta-nuclear  
p o s it io n ,  which i s  the o p p o site  to  th a t o f  the d is tr ib u t io n  o f ly a l in e .
I t  i s  obvious th at b asop h il t y a l in iz a t io n  should  be c le a r ly  d is t in g u ish e d  
from the p h y s io lo g ic a l p rocess o f  b a s o p h il - c e ll  degranulation* Severinghaus 
( 1938) has co r r e la te d  the p ro cesses  o f  degranulation  in  the ohromophil 
c e l l s  o f th e  normal hypophysis w ith  nuclear changes and, on the appearances, 
has based h is  theory o f  chromophil/chromophobe c y c le s .
Large chromophobe c e l l s  are sometimes presen t in t  the a n ter ior  
p itu ita r y  which, in  fr e sh  m a ter ia l, can be shown to  be p red estin ed  
basophil c e l ls *  These c e l l s  are la r g e , o f in d e f in ite  o u t lin e , and 
send p ro cesses  between surrounding c e l l s .  They have a la r g e  v e s ic u la r  
nucleus. They show no ft granules w ith  s p e c i f i c  s ta in s  (methods I  & I I I )  
fo r  ft granu les. B ut, in  method I ,  on in troducing a n ilin e  b lue and 
removing excess dye w ith  the strong d if f e r e n t ia to r ,  they ex h ib it  a 
d e lic a te  spongioplasm  which s ta in s  w ith  a n ilin e  b lue a t  a sta g e  when 
the a c id -fu c h s in -s ta in e d  ft granules are s t i l l  u n a ffected  by the b lue  
and the a c id o p h il and chromophobe c e l l s  are decolorized* This same 
spongioplasm may be seen  in  c e l l s  o f  s l ig h t ly  greater  m aturity in  which 
a few granules are p resen t which s ta in  f a in t ly  w ith  s p e c i f ic  s ta in s  fo r
30.
j6 granules* Hence, I con sid er  th a t th is  spongioplasm  rep resen ts  
a s ta g e  preced ing the development o f /  granules in  immature b aso p h il 
c e l ls *  In  some cases I  have recogn ized  a p rocess o f  a g g lu tin a tio n  
and shrinkage o f th e spongioplasm so  th a t i t  s ta in s  more in te n se ly  
with a n il in e  b lu e , and f i n a l l y ,  when th is  process i s  com plete, the  
nucleus becomes pyk notic  and the cytoplasm  has u su a lly  numerous 
perforations*  Though the cytoplasm  w i l l  now s ta in  a deep b lu e , i t
does not g iv e  any of th e  s p e c i f i c  rea c tio n s  o f  b asop h il granules* I  
consider th a t t h is  c e l l  i s  th e same as th e  'a g g lu tin a ted ' b asoph il c e l l  
d escrib ed  and i l lu s t r a t e d  by Crooke & R u sse ll (1935 ), whioh is  o ften  
prominent in  th e l^ypophysis in  Addison's d ise a se . Thus, I  consider  
th a t the 'agg lu tinated*  b asoph il c e l l  rep resen ts the end-product of a 
degeneration  o f the p r im itiv e  b a sop h il c e l l .  S tages in  the degeneration  
should n o t be confused  w ith  S a l in i z a t io n ,  as the a g g lu tin a ted  spongio­
plasm has never the r e f r a c t i le  waxy character o f  l\ya lin e cytoplasm , i s  
not a sso c ia te d  w ith a regu lar  mode o f  d is tr ib u t io n  in  a c e l l  which has 
rip e  fi granules, and i s  u lt im a te ly  a s so c ia te d  w ith  nuclear pyknosis.
I  have not had th e opportunity o f  f ix in g  human hypophyses e a r l ie r
y
than 4  hr. a f t e r  death . My m ateria l i s  uffcually 8 to  30 hr. post-mortem. 
I t  i s  well-known th at the s ta in in g  o f  m ater ia l f ix e d  immediately a f te r  
death may p resen t a d if fe r e n t  problem from s ta in in g  m ateria l f ix e d  some 
hours la t e r .  Some ob servation s I  have made may be o f  b e n e f it  to  those  
who w ish  to apply th ese  methods to  very  fr e sh  m ater ia l. The Gram's
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s t a in  shows in crea sin g  s p e c i f i c i t y  w ith  in crea sin g  fr e sh n e s s , and 
I  co n sid er  th a t i t  should  work w ith  m ateria l f ix e d  im m ediately a f te r  
death. The p reven tion  o f  a c id -fu ch s in  s ta in in g  o f  the a c id o p h il 
c e l l s  by p ic r a tio n  becomes more p oten t the fre sh er  the m a ter ia l, and 
i t  i s  more marked w ith  chrom ate-containing f ix a t iv e s  than w ith  th ose  
th at do not co n ta in  chromate. Hence, when acid -fu ch 3in  s ta in in g  o f  
ac id o p h il c e l l s  i s  d e s ir e d , as in  method I I ,  p ic r a tio n  should be avoided  
in  fr e sh  m ateria l as i t  may take hours to  get s l ig h t  a c id -fu ch sin  s ta in in g  
o f  ac id op h il c e l l s  even a fte r  sh ort exposure to p icro-oran ge . While 
the a c id -fu ch s in  s p e c i f i c i t y  o f ft granules a f te r  a lc o h o lic  phosphotungstio  
acid  mordanting (method I) becomes more marked the fre sh er  the m a ter ia l, 
in  some cases subsequent a n ilin e -b lu e  s ta in in g  produces a very rapid  
overlay in g  o f th e  a c id -fu ch s in  s ta in ed  ft granules with b lue; hence, 
in  making observations on hya lin e cytoplasm , a very d ilu te  a n ilin e  b lue  
w i l l  requ ire to  be used.
The pars interm edia and th e  wandering c e l l s  o f  the  
p o s te r io r  lo b e  o f the p itu ita r y  gland.
The reader w i l l  be able to  fo llo w  more e a s i ly  the d escr ip tio n s  o f  
abnormal p itu ita r y  glands i f  he has some knowledge o f  the pars interm edia  
and the wandering c e l l s .  They have been d escrib ed  in  d e t a i l  by Rasmussen 
( 1928, 1930) ;  the w r iter  i s  in  agreement w ith  h is  f in d in g s . The 
para interm edia i s  a very v a r ia b le  stru ctu re  in  th e human iqrpopbysis.
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In  my c o n tro l s e r ie s  o f  glands i t  v a r ie s  from & minute c l e f t ,  incom pletely  
lined, by f la t te n e d  e p i t h e l ia l  c e l l s ,  to  a  complex mass o f c y s t s ,  f i l l e d  
w ith  " c o llo id " , com pletely  sep ara tin g  the a n ter io r  and p o s te r io r  lo b es .
The c y s t s  are l in e d  by a s in g le ,  o c c a s io n a lly  double, la y e r  o f  cu b ica l
e p i t h e l ia l  c e l l s .  The interm edia c e l l s  in  general are devoid o f  granu les,
c i l i a t e d
are not in f  re quent ly /a dwWA, and s ta in  l i g h t  b lue w ith  M allory'a a c id -  
fu ch sin  -  a n ilin e  b lu e method. The pars interm edia i s ,  l ik e  the a n ter io r  
lo b e , a d e r iv a tiv e  o f  R athke's pouch. I t  i s  so v a r ia b le  in  stru ctu re  
in  manmals th at the m ajority  o f  w r iter s  consider i t  to  be a purely  
v e s t ig ia l  elem ent.
B asophil granules may develops in  th e ep ithelium  o f the pars 
interm edia and a l l  tr a n s it io n s  up to  la rg e  sp h e r ic a l, com pletely  
granular c e l l s  can be traced . The la t t e r  c e l l s  are in d is tin g u ish a b le  
from the b asoph il c e l l s  o f  the a n ter io r  lo b e . I t  i s  from these c e l l s  
that columns o f  b asoph il c e l l s  develop and p r o je c t  in to  the pars nervosa. 
D is ta l ly  the columns break up and ohe c e l l s  l i e  f r e e  in  the t is s u e s  o f  
the pars nervosa -  the wandering c e l l s .  In  the normal gland the  
wandering c e l l s  are very v a r ia b le  in  d is tr ib u t io n  and number. G enerally  
they do not show as much v a r ia tio n  in  s i z e ,  nuclear stru ctu re and degrees 
o f m aturity as th e ir  b rothers in  the a n ter io r  lo b e . They commonly 
conform on s iz e  to  the sm aller  types o f  the a n ter io r  lo b e . With a l l  
th e s ta in in g  methods for/ 3  granules d escr ib ed  in  th is  paper th e ir  
granules g ive  the same c o lo r a tio n  as the granules o f th e mature b asop h il 
c e l l s  in  the a n ter io r  lo b e . Indeed ob servation  o f the wandering c e l l s  
i s  one o f  the b e s t  guides in  c o n tr o llin g  the s ta in in g  o f  the p itu ita r y  
gland.
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p a r t  I  
Fig u re  I
F ig . l .  shows a f i e l d  w ith  mapy b a so p h il  c e l l s  showing
h y a l in iz a t io n ,  excess ive  v ac u o la t io n  and n u c le a r  
d isp lacem en t. Basophil c e l l s  - g ra n u le s ,  red ; 
h y a l in e  cytoplasm, b lu e ;  n u c le i ,  re d d ish  brown. 
A cidophil and chromophobe c e l l s  in  l i g h t  n e u t r a l  
shade.
X 400 Method IA 
w ithou t p ic ro -o ra n g e .
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P A R T  I
Fig. 1
Field of anterior pituitary gland from a case of 
Cushing* s syndrome (Case III, this thesis, part III)
2 400 Method IA
wi tho ut p i c ro - o range
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F ig . 2 .
X 800
F ig . 5 .
5LAJLJL JL*
F ig s .  8 & 5 .
Shows a h y a l in e  b a so p h il  c e l l ;  h y a l in e  cytoplasm, 
b lue  (p y rro l  b lu e ) ;  p g ran u le s ,  red  (ac id  fu c h s in ) ;  
two a c id o p h i l  c e l l s ,  orange (ac id  fu ch s in  and p ic r o -  
o range); th re e  chromophobe c e l l s  in  n e u t r a l  t i n t s .
METHOD IIA
shows two h y a l in e  baso p h il  c e l l s ;  /> g ran u le s ,  dark 
b lue (ac id  fu ch s in  o v e r la id  w ith  a n i l i n e  b lu e ) ;  hyaline 
cytoplasm , grey  (excess a n i l i n e  b lu e  removed by weak 
d i f f e r e n t i a t o r ) ; th re e  a c id o p h i l  c e l l s ,  red  (ac id  
fu ch s in  w ithou t d e v ia t io n  by p ic ro -o ran g e ; two small 
chromophobe c e l l s ,  p a le  grey .
X 800 METHOD IIB
P A r ’ t . I .
Pigs. 2 & 5
Pields of anterior pituitary gland from, a case of Cushing’s 
syndrome (Case I I I ,  this thesis, part III)
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STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE
HYPOPHYSIS AND THE ADRENAL OCR TEX.




A D R E N A L  V I R I L I S M .
In tro d u ctio n .
I t  i s  my purpose to  d escr ib e  the con d ition  o f  adrenal v ir i l i s m  
in  order that th e  c l in i c a l  and p a th o lo g ica l f in d in g s  may be compared 
w ith  those o f C ushing's syndrome. The su b jec t o f  in te r se x u a lity  i s  
complex. In  the in fa n t and ad o lescen t fem ale abnormality o f  the  
adrenal co r te x  i s  a sso c ia te d  w ith  a v a r ie ty  o f  c l in ic a l  co n d itio n s .
I  have not encountered cases of adrenal abnormality in  th is  age group, 
nor has e x ten s iv e  p a th o lo g ica l work been c a r r ie d  out on the su b jec t . 
A ccordingly I do not Intend to  d iscu ss  th is  group. I w i l l  con fin e  my 
observations to  th e  co n d itio n  o f  adrenal v ir i l is m  as i t  occurs in  the  
fem ale a t ,o r  n ear , puberty, and in  the young ad u lt. The case  which I  
report here i s  unusually  complex and, in  the d isc u ss io n , I  w i l l  requ ire  
to  depart from the general arguement o f the th e s is  to  d iscu ss  some 
m atters p e c u lia r  to  the c a se .
THE REPORT OF A CASE OF ADRENAL VIRILISM
WITH UNUSUAL FEATURES.
Case H ia to iy .
1903* The p a t ie n t  was born in  1903. Prom b ir th  u n t i l  puberty the  
p a tien t appeared, behaved and was brought up as a normal fem ale c h ild . 
There were other brothers and s i s t e r s  o f  the fam ily  who were normal, 
but cannot now be traced .
1917; At the age o f  13-14  years h a ir  began to  grow on the fa c e  and the  
v o ice  broke. M enstruation d id  not s t a r t ,  although i t  was noted  th a t  
the ex tern a l g e n it a l ia  had developed normally fo r  th e age. The general 
body h ab itu s, v o ic e  and f a c ie s  became so d is t in c t ly  male in  type by the  
age o f 16 years th a t the p a t ie n t  then changed her C h ristian  name to  
"John,1* donned male a t t i r e ,  l e f t  home and worked, f i r s t  as a  van-boy 
and la t e r  as a  lo r ry  d r iv er .
1925: At the age o f  22 years th e p a tien t returned  to  h is  parents' home 
su ffer in g  from neurasthen ia . (The m asculine pronoun w i l l  now be used  
when r e fe r r in g  to  the p a t ie n t ) .  The troub le appeared to  have developed  
a fte r  a doctor had been c a l le d  in  to  tr e a t  the p a tien t fo r  in flu en za
and h is  true co n d itio n  had become known. L ater the fam ily  doctor sen t
the
th e p a tien t to /W estem  Infirm ary, Glasgow, fo r  observation  in  P ro fe sso r  
Ralph Stockman's wards.
The fo llo w in g  are th e  n otes from the ward journal, a d d itio n a l to  
the fam ily  d octor1 s l e t t e r  g iv in g  the previous h is to ry  and a ffin n in g
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th a t the p a t ie n t  had never m enstruated.
"Condition ; N eurasthenia secondary to  v ir ilism *  pyorrhoea  
a lv e o la r  i s .  The p a t ie n t  i s  4  i t .  11 in . in  heigh t and s u p e r f ic ia l ly  
appears to  be a man. He l i e s  com fortably in  bed so lon g  as n is  head 
i s  supported, but whenever h is  head i s  r a ise d  from the p illo w  he c lo se s  
h is  eyes and com plains o f  ligh t-h ead ed n ess amounting alm ost to  ia in t in g .  
The breath i s  very fo u l ,  due to a general condi ion  o f  pyorrhoea. The 
d is tr ib u tio n  o f h a ir  i s  m ale, the beard bein g  abnormally stron g . The 
p a tie n t shaves ever,y second day. The cr a n ia l h a ir  i s  reced ing and i s  
o f  very f in e  te x tu r e . The hands anu. f e e t  are sm all and suggest fem in ity  
The ex tern a l g e n ita l ia  are apparently of ty p ic a l fem ale form. F igure  
and v o ice  m asculine; p e lv is  m asculine; gestu res and mental outlook  
suggest fem in ity . No abnormality o f the ca rd io -v a scu la r , r en a l, or 
nervous system s found.
5 .6 .2 5» Chloroform. Dr. Martin examined the g e n ita l ia .  The c l i t o r i s  
has not the normal fem ale shape but i s  notched l ik e  the male p en is .
The urethra i s  o f fem alo shape and p o s it io n . Vagina p resen t w ith  
rudimentary c e r v ix , but no d e f in it e  u teru s. Gland p d p a b le  in  p o s it io n  
o f  l e f t  ovary. No s ig n s  o f  t e s t e s .
Complete ex tr a c tio n  o f te e th  was performed a t same occasion . “
The p a tie n t  was d ischarged a few weeks la t e r ,  h is  general con d ition  
having improved. He l e f t  h is  parents' home sh o r tly  afterw ards.
^935. The p a tie n t  was again  traced . He was working as a lo r ry  d river  
and was apparently accepted  as a  male w ithout any su sp ic io n  by h is
workmates.
1941: The p a t ie n t  returned  to  the fam ily  doctor fo r  a c e r t i f i c a t e
it
to  support h is  cla im  as a  co n sc ien tio u s  o b je c to r .** He had been 
working s in c e  th e outbreak o f  war as a shipyard labourer. On b e in g  
in terro g a ted  (1943) h is  fe l lo w  workmen and fr ien d s a t h is  lod g in g  gave 
no in d ic a tio n  th a t they even su sp ected  h is  being abnormal. I f  he had 
any p sy ch o lo g ica l upset he managed to keep i t  uidden. He had no 
in te r e s t  in  th e  fem ale sex . The c e r t i f i c a t e  given  to  him by h is  
fam ily doctor gave the a d d itio n a l inform ation th a t the p a tien t now 
menstruatedT but the date o f commencement was not g iven .
1943s A fter a h is to r y  o f  a few months* duration  o f  lower abdominal 
discom fort, u lt im a te ly  w ith  a lter n a te  diarrhoea and co n stip a tio n , sudden 
acute i l ln e s s  supervened and the p a tien t was adm itted to the Western 
Infirm ary, Glasgow, as an "acute abdomen. ** The doctor who sen t the  
p atien t to  the infirm ary had noted  th a t th ere was a carcinoma of the  
r ig h t b reast which the p a tie n t  s ta te d  had been presen t fo r  two y ea rs .
Laparotomy was performed a few hours a fte r  admission to  h o sp ita l  
and pus was evacuated from the p e lv i s .  A sloughing mass o f  tunour in  
connection w ith  an ovarian  dermoid c y s t  was found by the surgeon. The 
p a tien t d ied  a few hours a f te r  the op eration . Autopsy was performed  
tw elve hours la t e r .
The on ly  a d d itio n a l inform ation obtained  from the p a tie n t  a t  
h osp ita l was the statem ent th a t he had m enstruated a l l  h is  l i f e .  This 
must be taken w ith  reserve  as the p a tie n t  was in  extrem is. There i s
post-m ortem  ev idence th a t th e p a tie n t d id  m enstruate and i t  i s  known 
th a t he m enstruated in  1941. I t  must he presumed, th e r e fo r e , th a t  
th e  p a t ie n t  s ta r te d  to  m enstruate some time a f te r  1?22,  when he was 
examined in  th e Western Infirm ary.
P O S T  M O R T E M  E X A M I N A T I O N .
E xternal Appearances.
Apart from th e  ex tern a l g e n ita l ia  and b r e a s ts , th e  su b jec t had the  
fa c ie s  and b o d ily  hab itu s o f a male o f rath er slen d er  b u ild  and o f sm all 
sta tu re  (5  f t .  1 i n . ) .  There was l i t t l e  subcutaneous f a t  and the body 
and lim bs p resen ted  an a t h le t ic  appearance. The h a ir  o f  th e head was 
o f f in e  tex tu re . There was com plete baldness o f the fr o n ta l area , and 
a  heavy growth o f  coarse  r e c e n tly  shaven h a ir  on the shaving area o f  
the face; h a ir  growth was not marked on the ch est or lim bs. The 
abdominal and g e n ita l  h a ir  were o f  fem ale d is tr ib u t io n . The b reasts  
appeared as unusually  c ircu n scr ib ed  e lev a ted  plaques about 8 cms. in  
d ia  e ter  and 2^ - cms. th ic k . The n ip p les were promin n t and showed no 
displacem snt. The r ig h t  b reast had a uniform hard co n s is te n c e .
43-
The l e f t  b r e a s t  w as l e s s  h ard  and had  th e  c h a r a c t e r i s t i c  knobby  
c o n s i s t e n c e  o i ^ i b r o - c y s t i c  m a sto p a try . B oth  b r e a s t s  w ere v er y  
e a s i l y  rem oved b y  b lu n t  d i s s e c t i o n  and t r a c t i o n .  S e c t io n  o f  th e  
r ig h t  b r e a s t  r e v e a le d  a  u n ifo rm  d en se  w h ite  hard  f ib r o u s  t i s s u e ;  
s e c t i o n  o f  th e  l e f t  b r e a s t  show ed s im i la r  ap p earan ces b u t  w ith  num erous 
sm a ll c y s t s  th r o u g h o u t. No a  l l l a r y  g la n d s , o r  o th e r  e v id e n c e  o f  
ly m p h a tic  tumour sp r e a d  fr o .i  the b r e a s t s ,  w ere p r e se n t*
Thorax & Abdomen,
T here e r e  la r g e  q u a n t i t i e s  o f  pus i n  th e  p e r i t o n e a l  c a v i t y ,  
e s p e c ia l l y  n  th e  p e l v i c  r e g io n .  The c o i l s  o f  th e  s m a ll  i n t e s t i n e  
w ere g lu e d  t o g e th e r  by l i g h t  f ib r o u s  a d h e s io n s .
The h e a r t . 230  g a s . , l i v e r , 1000 g m s ., s p le e n  90 g a s . ,  w ere s l i g h t l y  
sm a lle r  th a n  o n e  w ou ld  e x p e c t  i n  a  m a le , ev en  a l lo w in g  f o r  th e  b u i ld  
and s ta tu r e  o f  th e  s u b j e c t .  The k id n e y s  w e ig n ed  120 gms. e a c h . No 
ab n orm ality  was d e t e c t e d  i n  th e  c a r d io v a s c u la r ,  u r in a r y , s k e l e t a l ,  o r  
a lim en ta ry  s y s te m s , e x c e p t  f o r  tumour in v a s io n  o f  th e  c o lo n ,  w h ich  
w i l l  be r e f e r r e d  t o  l a t e r .  T ae lung^  showe c o n g e s t io n  and oedema.
The th y r o id  (1 5  gns) show ed n a tu r a l  t i s s u e .  No th ym ic t i s s u e  was 
n o te d  in  th e  m ed ia stin u m .
The l i v e r  ; E ig h t  w h ite  n o d u le s  from  m i l ia r y  s i z e  up to  2 cm s. in  
d ia m eter ,1 h a v in g  th e  t y p i c a l  ap p ea ra n ces o f  secon d ary  carcin om a, w ere  
p r e s e n t  i n  th e  l i v e r .
The r ig h t  adrenal gland (18  gms., 3 cm s., x  3s? cms.) ware rep resented
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by a body w ith  fou r roughly tr ia n g u la r  su r fa c e s . The bulk o f  the  
specimen was taken up by a hard mass o f  ca lcareous and o s s i f i e d  
m ateria l r ep la c in g  th e m edulla. The f l a t  su rfaces o f  the hard mass 
were o lo th ed  Ly a  th ic k  fib rou s capsu le whicn included  sm all i s l e t s  
o f  b r ig h t y e llo w  a d ren o -o o rtica l t i s s u e .  At the fr e e  edges the  
fib rou s oapsule w s r e f le c t e d  o f f  to  form an integument fo r  th ickened  
r id g es o f  adrenal c r te x  (^Figs. 1£.13)*
The l e f t  adrenal gland gras.) p resen ted  natural appearances; 
the c o r t ic a l  t i s s u e  wqs prominent but not d e f in i t e ly  increased .
P a ra -a o r tic  glands : In  the reg ion  o f  the c o e lia o  a x is  there was
a conglom erate mass o f en larged  glands, from ^ to  2 cms. in  diam eter, 
ir r e g  la r  in  shape, f ib r o u s , and contain ing many chalky w hite ca lcareous  
nodes.
The o v a r ie s . Botu o varies  were rep resen ted  by dermoid c y s t s ,  which 
f i l l e d  the p e lv i s ,  the r ig h t  11 cm. in  diam eter, the l e f t  8 eras. These 
c o n s is te d  o f  c a v i i e s  f i l l e d  w ith  h a ir  and in sp is sa te d  seoaceous m ateria l, 
w ith  smooth th in  w a lls .  In each there was an area o f  th ick en in g  in  the  
w a ll in corporatin g  ovarxan t i s s u e .  In  the r ig h t dermoid tne ovarian  
t is s u e  was e x te n s iv e , and contained  nu erous b lood v e s s e ls ,  sm all c y s ts  
con ta in in g  c le a r  f lu id ,  and a la r g e  corpus luteum stre tch ed  over an 
area of cms. in  diam eter and £  can. in  maximum th ick n ess . In the  
l e f t  c y s t  the ovarian t is s u e  was confined  to  an attenuated  a r e a ,2 cram, 
in  diam eter, p resen tin g  as w hite ovarian stroma w ithout other  
macroscopic d e ta il*  P o s te r o -in te r n a lly  the in te r io r  o f the r ig h t  
c y s t  was heaped up «nd ir reg u la r . From here a la r g e  mass o f  p a le
tumour t i s s u e  e x te n d e d  backw ards and inw ards t o  in v a d e  th e  w a l l  o f
t h e  c o lo n  a t  th e  brim  or th e  p e l v i s .  Numerous y e l lo w  a r e a s  o f
n e c r o s i s  w ere  p r e s e n t  in  th e  tumour mass and, n e a r  th e  c o lo n ,  th e r e
was s lo u g n in g  o f  la r g e  a r e a s  w ith  l o c u l i  o f  pus i n  th e  t i s s u e s .
T h is  was e v id e n t ly  th e  s o u r c e  o f  th e  p e r i t o n i t i s  (.F ig . 12 ) •
The u t e r u s .  5 eras, lo n g  from  n eck  t o  fu n d u s and 2^ cm s. i n  maximal 
th ic k n e s s  was ^ w a ll ,  b u t had a  t h ic k  la y e r  o f  endom etrium  ( F ig .  8 ) .  
The c e r v ix  was s m a ll .
H ead: The b r a in  (1 0 5 0  g m s.) showed a  g n e r a l  a trop h y  w ith  w id en in g
o f  th e  th e  s u l c i  and v e n t r i c l e s ,  and e x c e s s  o f  c e r e b r o s p in a l  f l u i d .
No o th e r  a b n o r m a lity  was d e te o te d .  The p in e a l  body and th e  p i t u i t a r y  
g la n d  w ere  o f  n a tu r a l  s i z e  and a p p earan ce .
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h i s t o l o g i c a l  e x a m i n a t i o n
The adrenal glands and o a lo i f ie d  par a -a o r t ic  glands.
The adrenal glands and th e  c a l c i f i e d  p a ra -a o r tic  glands req u ire  
J o in t co n s id era tio n  as they p resen t a sso c ia te d  ab n orm alities.
The ca p su les  o f  the p a ra -a o r tic  glands show fib rou s th ick en in g  
w ith  lo b u la t io n  by th ick  fib rou s trab ecu lae . The c a l c i f ie d  areas, 
o f  amorphous appearance, are in  some cases com pletely  in v ested  by 
f ib ro u s  t i s s u e ,  in  others a s so c ia te d  w ith u n c a lc if ie d  caseous m ater ia l. 
The whole p resen ts  a p ic tu r e  in d is tin g u ish a b le  from e f f e t e  tu b ercu lo s is  
(F ig . 3 ) •  While the r e g r e ss iv e  changes are in  most areas co u p le te , a 
few sm all c e l lu la r  f o l l i c l e s  w ith  cen tra l c a se a tio n , in d is t in g u ish a b le  
from tuberculous f o l l i c l e s ,  are p resen t. Although tu b erc le  b a c i l l i  
have not been demonstrated, i t  i s  considered  that i t  must be taken  
th a t a l l  th e l a t t e r  appearances rep resen t tu b ercu lo sis  w ith  almost 
com plete h ea lin g . The same p rocess appears to  be a reasonable  
exp lanation  fo r  the la rg e  c a l c i f i e d  and bony mass tak ing up the  
r ig h t  adrenal m edulla. The p ic tu r e  i t  the sam e,except th a t no 
c e l lu la r  f o l l i c l e s  are p resen t and there i s  some im perfect bone 
form ation in  the c a l c i f i e d  amorphous m a ter ia l. There i s  no organoid  
d if f e r e n t ia t io n  to  in d ica te  the ex isten ce  e ith e r  o f a sim ple tumour
o f  bone or o f  degeneration  in  a bone-bearing teratom a. The f l a t
- g la n d
su rfa ces  o f the bony mass in  the r ig h t  adrenal/are c lo th ed  by a th ick
f ib ro u s  ca p su le  w hich in c lu d e s  sm a ll pseudo-adenom atous fo rm a tio n s  
o f  a d re n o -c o r t ic a l  e p ith e liu m . The th ic k e n e d  t i s s u e ,  r e f l e c t e d  
o f  a t  th e  an g les  of the  r i g h t  a d re n a l body, p re s e n ts  th e  g en e ra l 
g ro s s  c h a ra c te r s  o f  a d re n a l c o r te x ,  and shows a l l  th r e e  h i s to lo g ic a l  
zones in  norm al p ro p o r tio n .  F rozen  s e c tio n s  o f  p a r t s  o f the  c o r t i c a l  
t i s s u e  removed b e fo re  the  p ro c e ss  o f  d e c a lc i f i c a t io n  show no abn o rm ality  
when exam ined f o r  f a t  ( i s o t r o p i c  and a n is o t r o p ic ) .  S c a t te re d  th ro u g h o u t 
th e  c o r t i c a l  t i s s u e  th e re  are  a  few c o l le c t io n s  o f  a l t e r e d  e p ith e liu m .
In  some o f  th e se  pseudo-adenom atous a re a s  th e  c e l l s  a re  la rg e  and show 
g ro s s  v a c u o la tio n ; th e  n u c leu s  b e in g  p re s se d  to  one s id e  in  s ig n e t - r in g  
f a s h io n . F rozen  s e c t io n s  show th e  vacuo les to  c o n ta in  n e u t r a l  f a t .  I n  
o th e rs  th e  c e l l s  a re  sm all and have a  s o l id  n o n -v acu o la ted  e o s in o p h il ic  
g ra n u la r  cy top lasm . Those a re a s  occur in  a l l  th r e e  zones o f  the  c o r te x  
and produce s l i g h t  a l t e r a t i o n  o f  th e  normal a r c h i t e c t u r a l  p la n  (F ig s .
1 & 2 ) .  The c e n t r a l  mass i s  s e p a ra te d  from  th e  r id g e s  o f c o r t i c a l  
e p ith e liu m  by co n d en sa tio n s  o f co n n ec tiv e  t i s s u e .  There is  no t r a c e  
o f  ad ren o -m ed u lla ry  t i s s u e .  The l e f t  ad ren a l g land  shows no abn o rm ality .
N odules o f e p i t h e l i a l  t i s s u e  a re  p re s e n t  in  the  conglom erate mass o f 
c a l c i f i e d  c o e l ia c  g la n d s . They a re  e n c a p su la te d  by f ib ro u s  bands.
The c e l l s  a re  a rra n g e d  in  columns su p p o rte d  by lo o se  s trom a, w ith  
sm all f o c a l  accum ula tions o f lym phocytes in  p la c e s .  The e p i t h e l i a l  
c e l l s  a re  p o ly g o n a l and have dense e o s in o p h il cy top lasm  w hich, w ith  th e  
o il- im m ers io n  l e n s ,  can  be seen  to  be f in e l y  g ra n u la r . The n u c le i
are c e n tr a l, and hyperchromatio. No m itoses are p resen t (F ig s .3  & 4 ) .  
This ep ith eliu m  i s  sh arp ly  d is t in g u ish ed  from the m alignant ep ithelium  
in  th e r ig h t  b rea st and the h ep atic  m etastases, the c e l l s  o f  th e  l a t t e r  
b ein g  sm aller  and having v e s ic u la r  oval n u c le i ,  and scan ty  p a le -s ta in in g  
cytoplasm . The fu ch sin o p h il granules o f  Vines (r e fe r r e d  to  in  the  
d iscu ss io n ) were not found in  the c o e l ia c  ep ithelium  or in  the 
ad ren a l-co rtex .
Ovarian derm oids: The c y s t  w a lls  c o n s is t  o f  th in  epidermis w ith
h a ir  f o l l i c l e s  and accessory  sk in  g lands. A few sm all i s l e t s  o f  
c a r t i la g e  are the only  o ther elem ents found on ex ten s iv e  exam ination.
The mass o f  tumour a r is in g  in  the heaped-up area in  the r ig h t c y s t  
w a ll and extending in  a la r g e  mass in to  the colon  i s  a squamous 
ep ith eliom a. I t  is  w e ll d if fe r e n t ia te d  and shows la r g e  c e l l  n e s ts  
w ith  prominent k e r a tin ise d  cen tre s . While the tumour i s  w e ll 
d if fe r e n t ia te d  in  mass, the basa l c e l l s  are la rg e  and aberrant. The 
tumour extends through the w a ll o f the colon  to  the basement membrane 
o f  the mucosa (F ig . 7 ) • The in f i l t r a t e d  bowel musculature and the  
reg io n  o f  the co lo n  above show hypertropty; a degree o f  chronic  
o b stru c tio n  apparently having been p resen t. The ovarian t is s u e  
incorporated  in  the w a ll of the r ig h t  c y s t  equals a normal ovary 
in  amount, w h ile  th a t o f the l e f t  i s  s l ig h t ly  l e s s .  Examples o f  
prim ordial f o l l i c l e s ,  ea r ly  f o l l i c l e  form ation, a few  sm all corpora 
a lb ic a n te s , and many sm all a tr e t ic  f o l l i c l e s  have a l l  been recogn ised  
in  a d d itio n  to  the la r g e  macroscopic corpus luteum p rev io u sly  re fe rred
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t o .  There i s  abundant ovarian  stroma (Figfr 3*6 ) •
U terus i A w e ll circum scribed intramural f ib r o id  takes up th e whole 
th ick n ess  o f  the u ter in e  w all a t one p o in t . The endometrium shows 
normal prem enstrual secre to ry  ch aracters.
Mammary g la n d s: Both b rea sts  show dense hya lin e f ib r o s i s .  The
basement membranes o f  many o f the ducts and a c in i show h yalin e  
th ick en in g  and a lso  p er ip h era l w h o le d -f ib r o s is . In some o f  the
ducts and a c in i  th is  o b lit e r a t iv e  p rocess has r e s u lte d  in  d estru ctio n  
o f  the ep ith eliu m . In  others th ere i s  e p i t h e l ia l  hyperp lasia  w ith  
th e  production o f  in traduct and in tra -a c in a r  tumour o f  both s o l id  and 
cr ib r ifo rm  type. In  the r ig h t  b rea st th e  in traduot tumour has broken 
through w ith  the production  o f  u n iv ersa l in je c t io n  o f  the t is s u e  spaces 
w ith  tumour c e l l s  (F ig . 9 ) ,  but there is  only m arginal in f i l t r a t io n
o f  th e  surrounding f a t t y  t is s u e .  C ystic  change in  ducts and a c in i  
i s  conspicuous in  the l e f t  b rea st. This i s  a s so c ia te d  w ith  many 
areas o f in trad u ct tumour, but there has been no break through w ith  
the development o f  frank malignancy (F ig . 1 0 ) .
The h ep a tic  tumour nodules show characters c o n s is te n t  w ith  
m etastases from the r ig h t  b r e a st . The tumour ep ithelium  c o n s is ts  
o f  sm all c e l l s  w ith  lo o se  scanty  cytoplasm . The ep ith eliu m , a sso c ia te d  
w ith moderate strom a production , shows a tendency to  adenomatous 
form ation. The growing edge p resen ts  the characters o f  tumour 
in va sio n  and th ere  i s  no su ggestion  th a t the masses rep resen t  
ec to p ic  o r  m eta sta tic  adreno—c o r t ic a l  ep ithelium .
The p itu ita r y  gland. S ectio n s from a l l  l e v e l s ,  50 in  a l l ,  were 
examined. The gland shows a normal gross stru ctu re; the pars 
in term edia  i s  rep resen ted  by a s in g le  c l e f t .  The b a sop h il c e l l s  
o f  the a n ter io r  lo b e  are  not numerous, but are w ith in  normal l im it s  
in  s i z e  and r e la t iv e  prop ortion . The b asoph il c e l l s  show normal 
g ra n u la r ity , vacu o la tion  i s  inconspicuous and the h ya lin e  le s io n  o f  
Crooke i s  ab sen t. The ac id o p h ils  and chromophobes p resen t no 
abnorm ality. The wandering c e l l s  of the p o s te r io r  lo o e  show no 
abnorm ality.
Much o f  the p in e a l gland i s  c a lc i f ie d ;  no abnorm ality i s  d etected .
Summary of post-mortem f in d in g s .
Spare v i r i l e  habitus w ith  f a c ia l  ha ir o f male type; fem ale 
ex tern a l g e n ita l ia  and en larged  c l i t o r i s ;  mammary carcinoma w ith  
h ep atic  m etastases; b i la t e r a l  ovarian  dermoid c y s ts ;  ep ith eliom a, 
a r is in g  in  r ig h t  ovarian  dermoid c y s t ,  invading co lo n , w ith  production  
o f  p e r i to n i t i s ;  ovarian t is s u e ,  in clu d in g  a la rg e  corpus luteum , in  
w a ll o f  dermoids; r ig h t  adrenal rep resen ted  by r id g e s  o f th ickened  
co rte x  upon a c a l c i f i e d  and o s s i f i e d  medulla; e p i t h e l ia l  t is s u e  
incorporated in  mass o f  c a l c i f i e d  o o e lia c  glands; sm all uterus  
w ith  th isk  endometrium.
The a s s o c ia t io n  o f  the developement o f v ir i l i s m  in  the fem ale  
w ith  a d ren o -co rtica l abnorm ality has lon g  been known. The su b jec t  
has been e x te n s iv e ly  s tu d ied  and review ed by Bros te r  & Vines and 
th e ir  co-workers (1938)- The con d ition  o f  adrenal v ir i l i s m  (th e  
a d ren o-gen ita l) syndrome, developing in  the fem ale a t ,o r  near,puberty  
or in  the young a d u lt , i s  ch a ra cter ised  by amenorrhoea, the development 
o f  h ir s u t ie s  and a fa c ie s  of male typ e, and a spare v i r i l e  h ab itu s, 
enlargement o f  the c l i t o r i s ,  sometimes d is tr e s s in g  p sy ch o lo g ica l u p se t, 
o c c a s io n a lly  deepening o f  th e  v o ic e . The u teru s, o v a r ie s , and b reasts  
become a trop h ic . In o ld er  su b je c ts , due to  lo s s  o f  p la s tic ity  o f  the  
t is s u e s  w ith  age, changes are l e s s  marked. While my su b jec t ex h ib ite d  
th e  c la s s ic a l  syndrome there are a lso  unusual fea tu res  in  th a t , though 
th e co n d itio n  was c la s s ic a l  from 1917 to  1925> sometime between 1925 
and 1941  m enstruation s ta r te d  and continued u n t i l  death in  1943* For 
t h i s ,  as we s h a ll  see  la t e r ,  there i s  an exp lanation . What I w ish to  
make very  c le a r  here i s  that the co n d itio n  o f  v ir i l i s m , as shown in  
th is  c a s e , may be m aintained throughout l i f e  w ithout any tendency to  
develop the c r i t e r ia  o f  C ushing's syndrome, e .g .  o b e s ity , typ erten sio n , 
g ly co su r ia .
THE AIRENAL ABNQRIiALITY.
Bos t e r  and V in es  d e s c r ib e  numerous c a s e s  o f  th e  o o n d i t io n  w ith  
a d r e n o - c o r t ic a l  l y p e r p l a s ia .  I n  th e  p r e s e n t  c a s e  th e  a d r e n o - o o r t ic a l  
a b n o r m a lity  i s  o f  some c o m p le x ity . The r i g h t  a d r e n o - c o r t ic a l  t i s s u e  
i s  c e r t a i n l y  th ick en ed *  I t  i s  c o n s id e r e d , how ever, th a t  th e  
a n a to m ic a l p e c u l i a r i t y  o f  th e  sp ecim en  s u g g e s t s  t h a t ,  i n  th e  
b e g in n in g ,  th e r e  was a  u n ifo rm  th ic k e n in g  o f  th e  a d ren a l c o r t e x ,  and  
th a t  l a t e r  th e  m ed u lla  was r e p la c e d  and expanded  by  a  m orbid  p r o c e s s  
r e s u l t i n g  i n  a tro p h y  o f  much o f  th e  c o r te x  and  l e a v in g  o n ly  th e  p e c u l ia r  
heap ed  up p r o j e c t io n s  o f  c o r t i c a l  t i s s u e .  But t h i s  i s  n o t  an end to  
th e  a d r e n o - c o r t ic a l  a b n o r m a lity . I t  i s  c o n s id e r e d  t h a t  th e  e p i t h e l i a l  
n od es embedded i n  th e  e f f e t e  tu b e r c u lo u s  mass in  th e  c o e l i a c  r e g io n  
r e p r e s e n t  e c t o p ic  a d r e n o - c o r t ic a l  t i s s u e .  The arrangem ent o f  th e  
t i s s u e  b e a r s  a  c l o s e  resem b la n ce  t o  th e  m a lig n a n t adenoma o f  e c t o p ic  
a d r e n a l t i s s u e  d e s c r ib e d  i n  p a r t  I I I ,  w h ile  th e  c e l l s  c l o s e l y  co rresp o n d  
t o  th e  s o l i d  n o n -v a c u o la te d  c e l l s  w h ich  com pose some o f  th e  p seu d o­
adenom ata i n  th e  r ig h t  a d r e n a l c o r t e x .  I  f i n d  no e v id e n c e  th a t  i t  
i s  m e t a s t a t i c  tumour. The o v a r ia n  tumour i s  an e p ith e lio m a ;  th e  
b r e a s t  c a n c e r  h as d i f f e r e n t  c y t o l o g i c a l  c h a r a c te r s  from  th e  c o e l ia o  
t i s s u e s .  I n  e x t e n s iv e  s e c t io n in g  no e v id e n c e  o f  m a lig n a n t t i s s u e  
h as b een  fo u n d  in  th e  c o e l i a c  ly m p h a t ic s .  The c o e l i a c  e p ith e liu m ,  
w e l l  c ir c u m s c r ib e d  by f ib r o u s  and c a lc a r e o u s  t i s s u e ,  has e v id e n t ly
been lon g  r e s id e n t th ere and shows, ra th er  than in v a s iv e  ch a ra cters , 
r e tr o g r e ss io n  b efore an advancing f ih r o t ic  p ro cess .
Thus, from i t s  character and arrangement, I  con sid er th a t the  
c o e l ia c  ep ith eliu m  i s  e c to p ic , and not m e ta s ta t ic , and th a t i t  i s  
e c to p ic  a d ren o -co rtica l t is s u e .  Moreover i t  has been p rev io u sly  more 
e x te n s iv e , and has been reduced by a chronic tuberculous process in  
neighbouring g lands. The nature o f the morbid process which has 
occupied  and expanded the r ig h t  adrenal m edulla i s  more obscure.
There i s  no evidence to  in d ic a te  the e x is te n c e  o f a  bone-bearing  
teratom atous m ass. I t  i s  considered  th at an e f f e t e  tuberculous 
p rocess i s  the most reasonable exp lanation . But th is  i s  in  d ispute  
and, in  view  o f  the other anom alies o f development p resen t, degeneration
in  some co n g en ita l m alform ation cannot be exoluded as an exp lanation
fo r  th e  adrenal medullary mass. E ith er  way the general argument remains, 
namely, th a t in  the r ig h t  adrenal a th ickened  adrenal cortex  has been 
reduced by the e v o lu tio n  o f  a chronic p rocess in  the medulla, and th a t, 
in  the c o e l ia c  reg io n , ec to p ic  a d ren o-cortica l t is s u e  has been reduced  
by a chronic p rocess more obviously  tuberculous in  o r ig in .
E ctop ic a d ren o -co rtica l t is s u e  i s  not unknown in  ad ren o-v ir ilism .
there
In  p a r t l l^ is  d escrib ed  an ad ren o -co rtica l tumour in  the ta le  of the 
pancreas a sso c ia te d  w ith  b i la t e r a l  ad ren o-co rtica l hyp erp lasia  and 
Kolodny ( 1934) has a lso  d escribed  a case o f  v ir i l i s m  w ith  a carcinoma 
o f  e c to p ic  a d ren o -co rtica l t is s u e  in  the c o e l ia c  reg ion . Some ovarian  
tumours a sso c ia ted  w ith  v ir i l i s m  are regarded as tumours o f  ec to p ic
a d ren o -co r tica l t is s u e  (Novak, 1941; Thomson, 1942). Glynn (1911) 
quotes & number o f  cases  o f  the a l l i e d  co n d itio n  o f  pseudo­
hermaphroditism w ith  la r g e  ad ren o -co rtica l r e s t s  in  the broad ligam ent.
The Ovarian T issu e.
I t  should  be noted  th at a g y n aeco log ist p a lp ated  a "gland1* in  
the r ig h t  ovarian  reg io n , when the p a tie n t was tw enty-one. Presumably 
th is  was the r ig h t  ovarian  dermoid cy3 t. At autopsy the p a tien t  
had abundant ovarian t i s s u e  in  the w a ll o f  the r ig h t dermoid. I t  
cannot be p o s tu la te d  th a t the presence o f the dermoid c y s ts  in te r fe r e d  
w ith  the hormonal fu n ctio n  o f  the o v a r ie s , and th is  con trib u ted  to the  
development o f v ir i l i s m . In  resp ec t o f  th is  problem i t  is  o f some 
in t e r e s t  to r e c a l l  th a t v ir i l i s m  a sso c ia ted  w ith  an ad ren o-co rtica l 
tumour in  a c a s tr a te  adu lt woman has been recorded. Return to  normal 
was ob tained  by removal o f  the tumour (Thornton, 1890; Holmes, 1925) • 
The dermoid c y s ts  can only be regarded as part o f  a complex con gen ita l 
anomaly not s p e c ia l ly  r e la te d  to  the v i r i l i s i n g  p ro cess .
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THE OSVELOPMKNT OF MENSTRUATION.
The development o f m enstruation in  so complete a oase o f  v ir i l i s m  
p resen ts  a problem in  i t s e l f .  P r e c ise  knowledge of the case  h is to r y  
i s  n ot as com plete as one would have wished. N ev erth e less , i t  i s  
c le a r  th a t from puberty u n t i l  the age o f  22 the su b jec t d id  not 
m enstruate and th a t , a t the end o f  th a t p eriod , a gyn aeco log ist  
rep orted  th a t the c e r v ix  was rudimentary and th at th ere was no 
d e f in i t e  u teru s. Prom the p a t ie n t ’ s statem ents i t  would appear 
th a t m enstruation had been presen t fo r  many of h is  subsequent e igh teen  
years of l i f e .  This seems more p la u s ib le  on con sid era tio n  o f  the  
autopsy f in d in g s  o f  a sm all but by no means rudimentary u teru s, complete 
w ith  a th ic k  la y e r  o f  secre to ry  endometrium (and a f ib r o id ) ,  w h ile  there  
i s  a  la r g e  corpus luteum in  the r ig h t  ovary. I  con sid er th at th e  
estab lish m en t o f  m enstruation, the growth o f  the u teru s, and the  
presence o f a la r g e  corpus luteum in  the ovary at autopsy, have been  
brought about by reduction  o f the adrenal t i s s u e ,  c o r t ic a l  and ec to p ic  , 
by the chronic o b l i t e r a t iv e  p rocesses re fe rred  to . The o b lite r a t iv e  
p ro cess , i s  o f o ld  stand ing, and th is  i s  c o n s is te n t  w ith  the e s ta b lis h ­
ment o f  m enstruation many years ago.
Though i t  i s  presumed th a t a red u ction  o f the e x c e ss iv e  adreno­
c o r t ic a l  t is s u e  was s u f f ic ie n t  to  a llow  o f th e establishm ent o f  
m enstruation, th is  did  not permit o f  a r e a sse r t io n  o f other fem inine  
ch aracters. I t  i s  considered  that th is  i s  mainly due to  lo s s  o f  
p la s t i c i t y  o f  the t is s u e s  w ith  age and in d ica te s  the h op elessn ess o f
su r g ic a l in te r v e n tio n  once th ese  abnormal con d itio n s are long  
developed.
THE TWO MALIGNANT TUMOURS.
The presence o f two undoubtedly malignant tumours i s  rare . In  
th e p resen t ca se  th ere i s ,  in  a su b ject o f 40 y e a r s , a scirrhou s  
carcinoma o f  th e  r ig h t  b rea st and an ep ith eliom a a r is in g  in  the w a ll 
o f  an ovarian  dermoid o f otherw ise sim ple s tru c tu re . In  both cases  
malignancy i s  undoubted. The ep itheliom a has produced a la rg e  mass 
o f  tumour w ith  in vasion  o f  the co lon . In  the r ig h t  b reast there i s  
widespread sc irrh ou s carcinoma a sso c ia ted  w ith  h ep atic  m etastases.
At p resen t sex  hormones, e s p e c ia l ly  the oestrogen s, are p la y in g  a 
prominent p art in  the production o f experim ental cancer in  gen era l, 
and o f experim ental manmary cancer in  p a r tic u la r . There can be no 
doubt that th e  p a tie n t  had a very abnormal endocrine make-up and i t  
i s  a t tr a c t iv e  to  su ggest that th is  hormonal upset was an important 
fa c to r  in  the development o f  the two malignant growths. At the
58
p resen t tim e th e  assay  o f hormones in  th e  human su b ject ia  in  an 
embryonic s ta g e  and there has been l i t t l e  c o r r e la t io n  o f  the 
em p irica l data  so fa r  ob tained  w ith  p h y s io lo g ic a l and p a th o lo g ic a l  
phenomena* N e v e r th e le ss , the presence o f two malignant tumours in  
a su b jec t w ith  undoubted endocrine upset may a t l e a s t  serve as a 
stim ulus to  th e  p u rsu it o f  loiowledge in  the f i e l d  o f  endocrine assay  
in  the human su b jec t w ith  a p p lica tio n s  fa r  beyond the study o f r a r i t ie s  
such as the ca se  described* In regard to th is  question mar^ y w i l l  
r e c a l l  th e  o ld  p r a c tic e  o f  ovariectom y in  a s so c ia t io n  w ith  mameotomy 
fo r  b rea st  cancer*
THE NATURE OP THE ADRENO-CQgTICAL 
ABNORMALITY IN AHRENO-VIRILISM.
There are now many recorded cases o f adrenal v ir i l i s m  a sso c ia te d  
w ith  e ith e r  a d ren o -co rtica l hyperp lasia  or tumour (B ro ster , 1938;
G-lyn, 1911)# In  some ca ses  the a e tio lo g y  r e s t s  irith  anomalies o f  
development and th ere  mqy be a fa m il ia l  incidenoe o f  the co n d itio n .
The p resen t ca se  i s  ob viou sly  such a problem from i t s  a s so c ia t io n  w ith  
ovarian  dermoids, e c to p ic  adrenal t i s s u e ,  a u n ila te r a l a d ren o-cortica l 
h yp erp lasia ; and the d ec la ra tio n  o f s ig n s  dating from puberty. On 
th e  o th er  hand, p ro g ress iv e  s ig n s  of v ir i l i s m  may suddenly a r ise  in  
an apparently normal fem ale su b jec t w ith  a normal puberty and. menstrual 
h is to r y  (Holmes, 1925); the con d ition  a r ise s  apparently de novo in  a 
p rev io u sly  normal endocrine system . I t  is  abundantly evident th a t the 
primary endocrine abnorm ality i s  a d ren o -co rtica l. Thus complete return  
to  normal can be obtained  by removal o f an a d ren o-cortica l tumour 
(Holmes, 1925). Removal o f the h yp erp lastic  adrenal in  u n ila te r a l
a d ren o -co rtica l hyperp lasia; or o f the la rg er  in  b i la t e r a l  adreno-
hyp erp lasia
c o r t ic a l / t e a s e r ,  may r e s u lt  in  com plete return  to  normal (B ro ster , 1938), 
and in  both ca ses  there i s  a t l e a s t  always some am elioration  o f symptoms. 
F a ilu re  o f  com plete retu rn  to  normal does not deny the adrenal cortex  a 
primary r o le  a s ,  w ith  the p a ssin g  o f tim e, some o f  the changes become
ir r e v e r s ib le  as i s  obvious from the p resen t c a se . Thus one can ssy  
th a t adrenal v ir i l i s m  may r e s u lt  from some con gen ita l anomaly 
p rim arily  a f fe c t in g  the adrenal co r te x , or i t  may r e s u lt  from some 
stim u lu s, unknown, actin g  p rim arily  on the adrenal cortex  in  an 
apparently normal endocrine system . That v ir i l i s m  may be produced 
by primary endocrine abnormality other than in  the adrenal cortex  
i s  n ot in  d isp u te . A syndrome in d is t in g u ish a b le  from adrenal 
v ir i l i s m  may be produced by th e arrhenoblastoma group o f avarian  
tumours (Novak, 1941). In  Cushing’ s syndrome, which i s  r e la te d  
to  adrenal v ir i l i s m ,  the primary abnormality may r e s t  in  e ith e r  the 
adrenal c o r te x , the p itu ita r y  gland, or, p o s s ib ly , the thymus ( t h is  
t h e s i s ,  p art I I I ) .  C lin ic a l syndromes, in v o lv in g  abnormal s e x u a lity ,  
have been d escr ib ed  in  p in ea l tumours (Zondek, 1935) » and a tumour in  
th e  interpeduncular space w ith  a normal p itu ita r y  body (Le Marquand and 
R u sse ll ,  1954- 5) .  I t  i s  th erefore understandable th a t in  so complex a 
system  abnorm ality) productive o f  v ir i l i s m >may a r is e  more su b tle  than 
p resen t methods can dem onstrate, and i t  i s  not remarkable th a t Broster 
encountered ca ses  o f  v ir i l i s m  in  which a d ren o -co rtica l hyperp lasia  
was not p resen t, and in  which hem i-adrenalectony had l i t t l e  e f f e c t .
But th is  in  no way denies the view th a t , in  v ir i l i s m  a sso c ia te d  w ith  
a d ren o -co rtica l h yp erp lasia  or tumour, the primary endocrine abnormality 
i s  a d ren o -co r tica l.
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W riters have always had d i f f ic u l t y  in  exp la in in g  th a t , whereas 
d estr u c tio n  o f  the adrenal co r tex  produces Addison's d ise a se ,  
h yp erp lasia  o f  th e  adrenal co r tex  may produce v ir i l i s m  in  the fem ale , 
and, though r a r e ly , a con d itio n  o f  fem in iza tio n  in  the m ale, n e ith e r  
o f  which are in  any way the op p osite  o f Addison's d ise a se . The 
th e o r ie s  o f  G-roliman and o f B roster & Vines im p lica tin g  a sp e c ia l  
t i s s u e ,  or th e  e x c lu s iv e  h y p era ctiv ity  of a s in g le  funotion^of 
th e  adrenal co r te x  in  v ir i l i s m  seek  to  exp la in  th is  d i f f ic u l t y .
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Grollman* a Theory.
Grollman (193^) h&a attempted to  r e la te  the a c t iv i t y  o f th e  adrenal
zone
glands in  v ir i l i s m  to  the fu n ctio n  o f a sp e c ia l "androgenic”/ d i s t i n c t  
from th e  co r te x  proper. In  the mouse, a t ce r ta in  s ta g e s ,  there i s  a 
prominent zone o f  ep ith eliu m , the juxta-m edullary of* X-zone, between 
th e m edulla and cortex  proper. I t  has d if fe r e n t  characters from the  
true c o r te x , A somewhat s im ila r  zone i s  present in  the adrenal gland  
of the fo e tu s . I t  undergoes in v o lu tio n  soon a f te r  b ir th . Goormaghtigh 
( 1922) claim s th a t , in  th e  adult human adrenal, c o r t ic a l  c e l l s ,  which  
border the m edulla, resem ble the c e l l s  o f the androgenic zone o f the 
in fa n t , and are probably a remnant o f  th is  in vo lu ted  t i s s u e .  Grollman 
cla im s th a t adrenal v ir i l i s m  i s  produced by a hypertrophy o f ,  or tumour 
development from^the c e l l s  o f  th is  t is s u e .  In  the presen t case  a few  
zones o f  a lte r e d  character are present in  the adrenal co r te x . They 
occur a t a l l  le v e l s  o f the co rtex , otherw ise the cortex  p resen ts no 
abnorm ality. I t  i s  considered  that these zones o f a lte r e d  character  
are more probably r e la te d  to  the presence o f  the medullary mass w ith  
attendant a lte r a tio n s  in  vascu lar supply to  the co r te x , ra th er th a t  
to  m a n ifesta tio n s  o f  a sp e c ia l a lte r e d  fu n ctio n , fa r  l e s s  the im p lica tion  
o f a s p e c ia l zone o f the cortex . No i l lu s tr a t io n s  o f the h yp erp lastic  
adrenals o f  v ir i l i s m  have been published  showing more than a th ickened  
oortex  proper. Furthermore some v i r i l i s i n g  adrenal tumours show a 
s tr ik in g  resemblance to true adrenal cortex  (Glynn, 1911; Holmes, 1923; 
Ewing, 1928). In  tumour production d e d iffe r e n tia t io n  is  the r u le , and
i t  would be a c o n tra d ic tio n  o f our general knowledge to  assume th a t  
such growths arose from a t is s u e  having d if fe r e n t  characters from the  
cortex  proper. On the o th er hand a d ren o -co rtica l tumours a sso c ia ted  
w ith  v ir i l i s m  may be so d e d if fe r e n t ia te d  as to  have l i t t l e  or no 
resemblance to  c o r t ic a l  ep ith eliu m  (Glynn, 19H> Ewing, 1928) . This 
would be exp la in ed  more reasonably by the p r in c ip le  o f an ap lasia  o f  new 
growth rather than the im p lica tio n  of a s p e c ia l t is s u e .  I f  such growths 
arose from a s p e c ia l  juxta-m edulla iy  zone one would expect them to  
d isp la ce  the co rtex  proper. No one has d escribed  an e p i t h e l ia l  tumour o f  
the adrenal glands w ith  a r in d  of the c o r t ic a l  t is s u e  proper s tretch ed  
over i t  as one f in d s  in  tumours o f the adrenal m edulla. In  the  
d escr ip tio n  o f a tumour o f  ec to p ic  adrenal t is s u e  ass c ia te d  w ith  
b ila t e r a l  a d ren o -co rtica l h yp erp lasia  (McLetchie & o co tt* s  case)  
described  in  part I I I  I  f in d  again no reason to  im plicate a sp e c ia l  
^uxta—medullary zone. I t  i s  considered  th a t p resen t evidence does 
not allov/ o f  more than the assumption th a t the thickened adrenal cortex  
o f v ir i l i s m  i s  an enlargement of the cortex  proper and th a t v i r i l i s i n g
a d ren o -co rtica l tumours a r ise  from the cortex  proper.
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The theory o f B roster & V ines.
B roster  & V ines (1938) have claim ed th at the e s s e n t ia l  
abnorm ality in  adrenal v ir i l i s m  i s  the presence o f fu ch sin o p h il 
grannies in  th e a d ren o -co rtica l ep ithelium . They r e la te  th ose  
granules to  a s p e c ia l  androgenic a c t iv i ty  o f the adrenal glands 
which i s  norm ally dormant in  adult l i f e ,  but i s  long p ers is ten t,in  
the male fo e tu s  and only  tra n s ien t in  the fem ale fo e tu s . Vines used  
a sp e c ia l s ta in in g  technique on fr e sh  adrenal t i s s u e .  I f in d  that i t  
i s  qu ite im possib le  to  ob ta in  s e le c t iv e  d if fe r e n t ia t io n  w ith  h is  s ta in in g  
technique and I con sid er th at most h is t o lo g is t s  w i l l  condemn h is  use o f  
a sa tu ra ted  s o lu t io n  o f a n ilin e  b lu e . Other h is t o lo g is t s  have f a i l e d  
to  get r e l ia b le  r e s u lt s  w ith  V ines' method ( I .  Rannie, personal 
communication; D.F. C appell, personal communication), and i t  i s  
noteworthy th a t Crooke and D ib le sen t th e ir  adrenal glands to  Vines 
fo r  an op in ion  (Crooke, 1933; Cohen & D ib le , 193&)• The d i f f ic u l t y  
i s  increased  when one a p p lie s  the method to  post-mortem t is s u e s  and, 
a f te r  comparing the a c tio n  o f Vines' method on an adrenal gland removed 
a t op eration , w ith  glands from rou tin e a u to p s ie s , I concluded th a t V in es 's  
work could only  be fo llo w ed  up on fr e sh  t is s u e s .  N ev erth e less , in  
McLetchie & S c o t t 's  case granules as fu ch sin o p h il as f ib r in  were found  
in  the a d ren o -co rtica l ep ithelium  (h y p erp la stic  and m alignant) u sing  
McFarlane's p icro  M allory s ta in  (McFarlane, 19A4)j(This th e s is  p art I I I ,c a s e
The cla im  o f  B roster  & V ines can only be adequately a sse ssed  by 
the exam ination o f  fr e s h  adrenal t i s s u e  from la rg e  numbers o f normal 
and abnormal su b jec ts; which has not been done. V ariab le r e s u lt s  
have been rep orted  in  the adrenal glands o f C ushing's syndrome (Crooke, 
1933) • O r ig in a lly  B roster 6b Vines claim ed th at th e presence o f  th e ir  
androgenic granules in  the adult adrenal cortex  was p e c u lia r  to  the 
p a th o lo g ic a l con d ition  o f  v ir i l i s m . B roster (1941) has s in ce  reported  
a case  o f fem in iza tio n  in  a male in  which the gr.-mules were claim ed to  
be p resen t in  the adrenal co rtex . From the fin d in gs in  McLetchie & 
Soott*s case  I  consider i t  p o s s ib le  that in  the ad ren o-cortica l 
ep ithelium  (h y p erp la stic  and tumour) of adrenal v ir i l i s m  and p itu ita r y  
basophilism  c e r ta in  gran u les, normally presen t in  c o r t ic a l  ep ithelium , 
may be prominent. I  do not consider th at they in d ic a te  the a c t iv i t y  o f  
a fu n ctio n  norm ally dormant. I t  i s  unfortunate that V ines bases h i3 
s id e  o f  the work to  some exten t on the times o f  d if f e r e n t ia t io n  o f  
adrenal co r tex  and the b asoph il c e l l s  of the p itu ita r y  gland o f the 
fo e tu s . As we s h a ll  see  la t e r  i t  i s  most u n lik e ly  that the fo e ta l  
p itu ita r y  p o ssesse s  /}  granules. I  w i l l  designate the granules in  
McLetchie & S c o t t 's  case "Vines'granules" w ith  the above r e se r v a tio n s .
In  my general argument la t e r  I w i l l  take the view that the adreno 
c o r t ic a l  h yp erp lasia  o f v ir i l i s m  i s  a sim ple hyperfunction .
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The p i t u i t a r y  g la n d  in  
A drenal V ir i l is m .
In  & ca se  o f  adrenal v ir i l i s m , u n associa ted  w ith  any a d d itio n a l 
c l in i c a l  m a n ifesta tio n s which might su ggest the development of  
Cushing’ s syndrome, Crooke (1935) found no p itu ita r y  abnorm ality.
Whereas in  a l l  ca ses  of Cushing* s syndrome he found a conspicuous 
degree o f cytop lasm ic ty a l in iz a t io n  o f  the b asoph il c e l l s .  Crooke 
con sid ered  th at th is  was the fundamental d is t in c t io n  between the two 
c o n d itio n s . In  the p resen t case no p itu ita r y  abnorm ality was found.
I t  does n o t, however, carry f u l l  w eight in  favour o f Crooke1 s view , 
s in c e  the e x c e ss iv e  adrenal t is s u e  had been destroyed. This would 
conceivab ly  r e s u lt  in  a r ev e rsa l o f  any secondary p itu ita r y  change 
a ttr ib u ta b le  to  the adrenal le s io n .  Anderson, Hain, and P a tter so n (l9 4 3 ).  
confirm  Crooke* s view in  a s in g le  ca se  o f  v ir i l i s m  a sso c ia te d  w ith  an 
ad ren o -co rtica l tumour, and Crooke’ s con ten tion  has never been denied  
by any worker. The r e la t io n sh ip  o f  adrenal v ir i l i s m  to p itu ita r y  
basoph ilism  w i l l  be f u l ly  d iscu ssed  a f te r  the enquiry in to  the morbid 
b a s is  of the l a t t e r  con d ition  in  the next part of th is  th e s is .
In  the argument r e la te d  to  case I ,  part I I I ,  i t  w i l l  be shown that  
b a s o p h il-c e l l  changes in  the p itu ita r y  gland may be a sso c ia ted , in  the 
beginn ing, w ith  a c l in i c a l  con d ition  of v ir i l i s m , but o b es ity  soon 
supervenes (H are’ s and Lescher* s csu.es) , and a f u l l  Cushing’ s syndrome 
i s  m anifest u lt im a te ly , though, i f  the su b jec t d ie s  a t an ea r ly  stage  
there may be no more than amenorrhoea and h yp ertr ich osis  (ca se  I ,  part I II )
On genera l grounds i t  i s  considered  th a t in  the p resen t case  the  
maintenance of a spare v i r i l e  habitus f o r  so  long a p eriod  i s  
tantamount to  there never having been demonstrable p itu ita r y  
abnorm ality.
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S U M M A R Y .
A oase o f v ir i l i s m  i s  described . The co n d itio n  developed a t  
puberty in  an apparently normal fem ale c h ild . While male character­
i s t i c s  developed to  a s tr ik in g  degree, the p a tie n t  menstruated in  the 
la t t e r  p a rt of her l i f e .  Death occurred at the age o f  40 years from 
p e r i t o n i t i s .  At autopsy th e fo llo w in g  abnorm alities were found :-  
( l )  The r ig h t  adrenal cortex  was th ickened and there was ec to p ic  
a d ren o -co rtica l t is s u e  in  th e reg ion  o f  the c o e l ia c  a x is;  both t is s u e s  
had been reduced by a chronic o b lit e r a t iv e  p ro cess . These were 
considered  to  be the e s s e n t ia l  abnorm alities determ ining the con d ition  
o f v ir i l i s m ,  qnd th e ir  red action  the fa c to r  which allow ed the development 
o f  m enstruation, and exp la ined  th e fin d in g  o f  a la rg e  corpus luteum in  
the r ig h t  ovary, and a th ick  endometrium at autopsy d e sp ite  the s tr ik in g  
male f a c ie s  and h ab itu s. (2) Mammary carcinoma w ith hepatic  raetastases; 
b ila t e r a l  ovarian  dermoid c y s ts ;  ep itheliom a a r is in g  in  th e w all o f  the  
r ig h t  dermoid and in f i l t r a t in g  the co lon  w ith  production  o f  p e r i to n i t is  
The problem o f  the in te r -r e la t io n s h ip  o f  a l l  o f th ese  abnorm alities i s  
d iscu ssed . A tten tio n  i s  drawn to other con d ition s which may g ive  r i s e  
to  m ascu lin iza tio n  in  the fem ale. Theories as to  the nature o f  the  
a d ren o -co rtica l abnormality in  adrenal v ir i l i s m  are d iscu ssed .
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P A R T  I I , 
F ig s . 1 & 2.
F ig . 1 . S ec tio n  o f part o f  r ig h t  adrenal showing th ickened
r id g e  o f  adrenal cortex  and the c a l c i f i e d  and o s s i f i e d  
m edulla.
X .2. H. and E.
F ig . 2 . Area o f  cortex  o f r ig h t  adrenal. Note the d isturbance  
in  arch itectu re .
X.AO. H. and E.
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PART II. 
Figs 1 and 3.
i yl i
71.
F ig . 3.
X5
F ig . 4 .
P A R  T i l .
P a ra -a o r tic  gland showing node o f  c a l c i f i e d  e f f e t e  
tu b er c u lo s is  on l e f t  and f o c i  o f  e p i t h e l ia l  t is s u e  
(dark m asses) circum scribed  by fib ro u s  cap su les  
(w h ite  r in g s ) .
H. & E.
Area from a dark circum scribed  node o f  f i g .  3 showing 
ec to p ic  a d ren o -co r tica l ep ith eliu m  in  lo o s e  columns 
and in  whorl e n c ir c lin g  lym phocytes.
X150 H. & E.
72.
P A R T  I I . 
F ig s . 3 & 4 .
F ig - 4.
73.
F ig . 5.
P A R T  I I
T angential cu t o f  la r g e  corpus luteum  in  w a ll o f  
R. ovarian  dermoid* Note the w e ll  developed  
la y e r  o f  lu t e in  c e l l s  and c e n tr a l c lo t*
Xc.5 H* & E.
F ig . 6. Part o f  la r g e  oorpus luteum  o f  R. ovarian  dermoid
X*10 H. & E*
74.
P A R T I I .




F ig . 8 .
P A R T  II .
E pitheliom a invad ing m uscular ooat o f  
co lo n .
H.& E.
T.V. S e c t io n  o f  u teru s . Note the th ic k  
endometrium. P art o f  th e f ib r o id  can he  
seen  on extreme r ig h t .
H.& E.
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P A R T  II.
P ig . R ight b rea st showing m alignant i n f i l t r a t io n  o f  dense
fib ro u s  stroma and duct e p i t h e l ia l  h yp erp lasia .
X.15 ' H. & E.
Pigs* 10 and 11, L e f t  b rea st showing dense stroma and 
e p i t h e l ia l  h y p erp la sia  in  c y s t io  d u ots.
X. 15 and X.40 H. & E.
73.
p a r t  II.
Pig. 9-
4.0
F ig . 10. Pig. 11.
STUDIES ON THE) RELATIONSHIP OF THE BASOPHIL CELLS QP THE
HYPOPHYSIS AND-THE ADRENAL QORTEX.
P A R T  T H R E E
THE PITUITARY BASOPHILISM SYNDROME
OP HARVEY CUSHING.
PART THREE 
THE PITUITARY BASOPHILISM SYNDROME 
OP HARVEY CUSHING.
I N T R O D U C T I O N .
S in ce  Cushing d escrib ed  th e  syndrome o f  p itu ita r y  b asoph ilism  
(C ushing1 s syndrome) many cases o f  the co n d itio n  have been published*
The syndrome i s  ch a ra cter ized  by an o b esity  sparing th e  lim b s, by 
marked h yp erten sion , g ly c o su r ia  and hyperglycaem ia, o s te o p o r o s is , 
c h a r a c te r is t ic  cutaneous s t r ia e ,  polycythaem ia, araenorrhoea and 
h y p er tr ic h o s is  in  the fem ale , impotence in  the m ale, a sth en ia  and 
dim inished r e s is ta n c e  to  in fe c t io n  (Cohen & D ib le , 1936)* P a th o lo g ica l 
fin d in g s  in  the c o n d itio n  have been very varied  in  oases which have been 
c l in i c a l ly  in d is t in g u ish a b le  ( s e e  Crooke's (1935) s e r ie s . )  By 193& 
th e  fo llo w in g  ab n orm alities had been described: b asop h il adenoma and
b a so p h ilia  ( r e la t iv e  in crea se  o f p itu ita r y  basoph il c e l l s ) ; adreno­
c o r t ic a l  h yp erp lasia , adenoma, carcinoma; and thymic carcinoma a sso c ia te d  
w ith  a d ren o -co rtica l h yp erp lasia . In  a few cases  n e ith er  a d ren o -co rtica l, 
thymic, nor an ter io r  p itu ita r y  tumours were recorded (Oppenheimer, Globus, 
S ilv e r  & Shaskin 1935; Freyberg, Barker, Newburgh & C o lle r , 1936; Grooke 
1935; Cohen & D ib le , 1936).
I t  seemed remarkable th a t such d iv erse  p a th o lo g ica l fin d in g s should  
be a sso c ia te d  w ith  one c l in i c a l  co n d itio n  u n t i l  Crooke (1935) found an 
abnormality common to  a l l .  Crooke in v e s t ig a te d  the p it u it a r ie s  o f  a 
s e r ie s  o f  tw elve (now f i f t y  -  personal communication) cases o f C ushing's
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syndrom e, many ot  w hich had been  r e p o r te d  e lsew h ere . The s e r i e s  
c o n ta in e d  exam ples of a l l  le s io n s  th e n  known to  be a s s o c ia te d  w ith  
th e  syndrome. I n  ev e ry  case  he found  a  consp icuous deg ree  o f  
h y a l in iz a t io n  o f  th e  cy top lasm  o f  th e  b a s o p h il  c e l l s  o f  th e  a n t e r io r  
p i t u i t a r y ;  t h i s  change was found in  on ly  a  few  c ase s  (9) o f  a  la r g e  
n o n -b aso p h ilism  s e r i e s  (3 5 0 ) , and  th e re  on ly  in  a  p a r t i a l  form in  a  
v e ry  few c e l l s ;  in  th e se  l a t t e r  c a se s  i t  was n o t c o n s ta n t ly  a s s o c ia te d  
w ith  any c o n d it io n . Crooke co n c lu d ed  th a t  b a s o p h i l - c e l l  h y a l in iz a t io n  
was th e  ab n o rm ality  o f fundam ental s ig n i f i c a n c e  in  C u sh in g 's  syndrome. 
S ince  then  a  s p e c i f i c  n u c le a r  ab n o rm ality  a s s o c ia te d  w ith  h y a l in iz a t io n  
o f  th e  b a so p h il  c e l l s  has been d e s c r ib e d  ( S ev e rin g h a u s , 1938)*
I t  i s  my pu rpose  to  d e s c r ib e  th re e  c a se s  in v o lv in g  th e  mobbid 
p ro c e ss  o f  p i t u i t a r y  b a so p h ilism . The f i r s t  ca se  i s  a s s o c ia te d  w ith  
a  carc inom a o f  an  a d re n o -c o r t ic a l  r e s t .  The second i s  a s s o c ia te d  w ith  
a  b a s o p h il  adenoma, o f th e  a n t e r io r  p i t u i t a r y  g land . The t h i r d  ca se  i s  
n o t a s s o c ia te d  w ith  tum our. In  t h i s  c a se  an o th e r complex b a s o p h i l - c e l l  
ab n o rm a lity  in  a d d i t io n  to  b a s o p h i l - c e l l  h y a l in iz a t io n  i s  p r e s e n t .  The 
a b n o rm a lity  appears  to  be th e  same as t h a t  d e s c r ib e d  by S everin g h au s, 
but I  p la c e  an e n t i r e ly  d i f f e r e n t  i n t e r p r e t a t i o n  on th e  ap p ea ran ces . I t  
i s ,  th e r e f o r e ,  my in t e n t io n  to  d e sc r ib e  and i l l u s t r a t e  th e  hypophysis o f  
t h i s  c a se  in  d e t a i l .  F o r c o n t ro l  p u rp o ses  a  s e r i e s  o f  hypoplyses from 
c o n d itio n s  o th e r  th a n  b a so p h ilism  have been  exam ined. The c o n t ro l  s e r i e s
w i l l  be in c lu d e d  in  th e  acco u n t o f  th e  t h i r d  c a se .
P A R T  T H R E E
C A S E  I
CARCINOMA OF AN ADRENO-CORTICAL REST 
ASSOCIATED WITH HYPOPHYSEAL ABNORMALITY.
(M oLetchie & S c o t t 's  c a s e ) .
The c l i n i c a l  h i s to r y  o f t h i s  ca se  was p ro v id e d  by D r. L.D.W. 
S o o tt .  The p a th o lo g ic a l  work and argument a re  by m y se lf . T his 
ease  i s  b e in g  p u b lish e d  in  c o l la b o r a t io n  w ith  Dr. S o o tt and w i l l  




C lin ic a l  H istory .
A fem ale shop a s s is ta n t  aged 26 years was seen  in  Ju ly  1940, 
com plaining o f  an acne form eru p tion  o f the fa c e ,  h ir s u t ie s  and 
coarsen ing o f  th e  fe a tu r e s . She had f i r s t  n o tic e d  the acne and th e  
a lte r a t io n  in  f a c ia l  appearance s ix  weeks b e fo re . Her prev ious h ea lth  
had been good and she had no com plaints o th er  than concern over the  
sudden change in  her appearance. Her previous menstrual h is to r y  was 
normal. She had m issed  two m enstrual p eriods s in c e  the development o f  
the acne. There was no r e le v a n t fam ily  h is to r y .
On exam ination, the f a c ia l  fea tu res  were co a r se ,th e  complexion was 
s l ig h t ly  dusky, and acne v u lg a r is  was p resen t over the fa c e  and brow; 
there was an obvious moustache and a s l ig h t  growth o f  h a ir  over the  
beard area . The h a ir o f  the head was normal. A normal degree and 
d is tr ib u t io n  o f a d ip o s ity  was p resen t over both trunk and lim bs; s t r ia e  
were n o t seen . The b rea sts  were sm all. The pubic h a ir  was o f  fem ale
d is tr ib u t io n . The ex tern a l g e n ita l ia  were normal and there was no
enlargement o f  th e  c l i t o r i s .  The b lood  p ressure was 150/90 nm.Hg, and 
th ere was no apparent card iac enlargem ent. Examination o f the abdomen 
d id  not r e v e a l any p a lp ab le  tumour masses.
While aw aiting adm ission to  h o s p ita l,  she reported  r e g u la r ly  and
th e  c o n d itio n  appeared to  be s ta t io n a r y , but in  the s ix th  week a f te r  
the o r ig in a l c o n su lta t io n  she suddenly became comatose and was sen t to  
the Western Infirm ary. On adm ission  she was found to  be comatose and 
cou ld  be roused on ly  w ith  d i f f i c u l t y ;  she re fu sed  to speak and resen ted  
exam ination. By c l i n i c a l  exam ination the l i v e r  was found to  be p a lp ab le  
one fin g er -b rea d th  below the c o s ta l  margin, but no other abnorm ality was 
d etec ted . The b lood  urea was 40 mg./lOO m l. , and the blood sugar was 
80 mg./lOO m l. The cereb ro sp in a l f lu id  was not under in crea sed  p ressure  
and con ta in ed  no in crea se  o f  p r o te in  or c e l l s .  The fu n d i were normal. 
She remained in  th is  c o n d itio n  fo r  two days, but on the th ird  day the  
temperature and p u lse  r a te  began to  r i s e ,  a temperature o f 103° P. and 
a p u lse  r a te  o f  120 b ea ts/m in . being reached on the fo u rth  day. On 
the f i f t h  day she had o cca s io n a l tw itch in gs o f  the fa c e  and l e f t  arm, 
and d ied  a f t e r  a g en era lized  con vu lsion . Post-mortem exam ination was 
ca rr ied  out 12 hr. la t e r
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Post-mortem exam ination.
Apart from the fin d in g s  in  the endocrine g lan d s, which w i l l  be 
d escrib ed  in  d e t a i l ,  the fo llo w in g  changes were noted . The l i v e r  (1300 g .)  
was perm eated w ith  secondary carcinomatous d ep o sits  to  such an ex ten t  
th a t th ere was l i t t l e  l i v e r  t is s u e  remaining in  the l e f t  lo b e . Much 
o f  the h e p tt ic  tumour was n e c r o t ic .  A number o f  lym phatic glands in  
the neighbourhood o f  the pancreas were a lso  invaded by secondary tumour 
growth. The u terus was normal, as were the kidneys apart from s l ig h t  
co n g estio n . The h eart (320 g .)  showed s l ig h t  typertroplny o f  the l e f t  
v e n tr ic le .  The vertebrae and l e f t  femur appeared normal on s e c t io n ,  
f a t t y  marrow being p resen t in  the l a t t e r  and no bony change being  
ev id e n t. A lo c a l iz e d  area  o f  co n gestion  and d ila ta t io n  o f  the 
s u p e r f ic ia l  v e in s  was p resen t over the r ig h t  o c c ip i t a l  lo b e  o f  the  
b ra in . Subcutaneous and abdominal f a t  were o f average amount.
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The endocrine glands.
On opening the abdomen, co n sid erab le  fib ro u s  adhesion was noted  
in  the neighbourhood o f the pancreas, towards the t a i l  o f which a hard 
nodule cou ld  be f e l t .  The capsu le o f  the l e f t  adrenal was adherent 
to  the pancreas, and owing to  the d i f f i c u l t y  o f making out p r e c is e  
r e la t io n s ,  the pancreas, k idneys, adrenals and aorta  were removed 
to g e th er , f ix e d  in  K a ise r lin g 's  f ix a t iv e  so lu t io n  and subsequently  
d is se c te d . The hard nodule was then seen  to  be a mass o f  tumour t i s s u e ,  
2 .5  cm. in  diam eter, rep la c in g  the substance o f  the pancreas near i t s  
t a i l .  An ir r e g u la r  fib ro u s  cap su le appeared to  in v e s t  th e  tumour, 
sep ara tin g  i t  from the pancreas m ed ia lly  and from th e l e f t  adrenal 
la t e r a l ly .  In  order to determine the exact r e la t io n sh ip  o f  the  
adrenal gland to  th e tumour, la r g e  b lock s o f  t is s u e  com prising pancreas, 
tumour, and l e f t  adrenal in  c o n tin u ity  were prepared fo r  h is t o lo g ic a l  
exam ination. When th is  was done i t  was ev id en t th at the tumour le y  
com pletely  o u ts id e  the cap su le  o f  the l e f t  adrenal (P la te  1 , f i g .  1 )
The pancreas.
The p an creas, apart from th e tumour, appeared to  be norma}..
H is to lo g ic a l  exam ination o f th e  tumour showed a lv e o l i  f i l l e d  w ith  
cu b ica l o e l l s  and supported by a d e lic a te  fib ro u s stroma; in  some 
areas th e  stru ctu re  resem bled th at o f  th e  zona glom erulosa o f the  
adrenal co rtex ; in  others the cu b ica l c e l l s  were arranged in  lo n g  
colum ns, the s tr u c tu r e  resem bling the zona fa s c ic u la te .  T h in -w alled  
v e s s e ls  were p resen t, but the growth was not very vascu lar (P la te  1, f i g .  2 ) .  
The e p i t h e l ia l  c e l l s  had f in e ly  granular cytoplasm  and s in g le ,  o v a l,  
hyperohromatic n u c le i;  a few  la rg e  nuclear forms were p resen t but 
aberrant foim s and m ito t ic  f ig u r e s  were not found. The secondary  
d ep o sits  in  l i v e r  and lymph glands had a lso  th is  sim ple adenomatous 
s tr u c tu r e . A dense fib ro u s capsu le in v e s te d  the primary tumour, but 
in  p la c e s  tumour c e l l s  had in f i l t r a t e d  beyond the capsu le and were 
arranged in  masses o f  sm all polygonal o e l l s  w ith  dense hyperchromatic 
n u c le i and very scan ty  cytoplasm . In g en era l, the tumour corresponded
to the m alignant a d ren o -co r tica l adenoma d escr ib ed  by Ewing (1928).
The adrenals.
The adrenal glands were la r g e r  than normal, and had notab ly  
rounded ed ges. The r i $ i t  adrenal w eighed 12 .8  g. and th e  l e f t  
16 g . (a llow ance being  made fo r  a wedge l e f t  adhering to  th e p an creas). 
The in crea se  in  s iz e  in v o lv ed  the co r tex  o f each gland ( c o r t i c a l  
h yp erp lasia ) and th e  m edulla on each s id e  was normal in  s i z e  and 
appearance. The d e p o s it io n  o f  f a t  and doubly r e fr a c t in g  m ateria l in  
each co r te x  appeared normal.
S in ce  i t  has been claim ed th a t the e s s e n t ia l  evidence o f  androgenic 
o v e r a c t iv ity  in  the adrenal cortex  i s  the dem onstration o f  fu ch sin o p h il 
m ateria l in  th e e p i t h e l ia l  c e l l s  (B ro ster  & V ines, 193$)> & search  fo r  
t h is  was made in  the a d ren o -co rtica l t i s s u e ,  the primary tumour in  the  
pancreas, and the glandular and h ep a tic  raetastases. Small amounts o f  
h ig h ly  fu ch sin o p h ii m a ter ia l were found in  the e p i t h e l ia l  c e l l s  in  a l l
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s i t e s  w ith  the excep tio n  o f  the h ep atic  m etastases. The s ta in in g  
technique enployed was M oFarlane's p icro -M a llo iy  s ta in  ( s e e  th is  t h e s i s ,  
p art I I ,  fo r  comment). In  the adrenal cortex  the m ater ia l was p resen t  
in  sm all s c a tte r e d  areas in  a l l  th ree zones. S im ilar  granules were not 
found in  tw elve adrenal glands from ro u tin e  autopsy c a se s . In  the  
primary tumour and glandular m etastases i t  was found in  s c a tte r e d  areas, 
in  some o f  which i t  was p le n t i f u l ,  and p resen ted  a s t r ik in g  appearance, 
b ein g  d isp osed  in  d is c r e te  granules and a ls o  sharp-edged c r e sc e n tic  
in c lu s io n s . The fu ch sin o p h il m ateria l had no obvious r e la t io n  to
a u to ly t ic  or n e c r o tic  p r o c e sse s , b ein g  on the contrary absent in  the  
n e c r o t ic  and a u to ly sed  h ep atic  seco n d a r ies . According to V in es, the  
substance resp o n sib le  fo r  th is  s ta in in g  r e a c t io n  i s  la b i l e  and tends 
to  d im in ish  as the r e s u lt  o f  postm ortem  a u to ly s is ;  i t  i s ,  th e r e fo r e , 
probable th a t the fu ch sin o p h il r e a c tio n  would have been more p le n t i f u l  
had the t i s s u e  been fr e sh e r , and had tbeb locks o f  t is s u e  examined 
r e c e iv e d  primary f ix a t io n .  Apart from gen era l enlargement and the 
p resen ce o f  th e  granules o f  V ines, I  cou ld  f in d  no d iffe r e n c e  in  the  
s tr u c tu r e  o f  the adrenal cortex  from th a t o f th e  normal adu lt co r te x .
The p itu ita r y  gland.
S e r ia l  s e c t io n s  o f the gland were examined. The h is t o lo g ic a l  
techn ique and methods o f enumeration and measurement o f  c e l l s  employed 
are d escr ib ed  dlsew here ( t h i s  th e s is  p art I  ) .
The a n ter io r  p itu ita r y  was of* normal s i z e  and gross s tr u c tu r e .
The b a sop h il c e l l s .  An enumeration o f  th e  c e l l  typ es was c a rr ied  
out according to  th e  method o f Rasmussen. The r e la t iv e  number o f  the  
b asoph il c e l l s  (14*9^) was s l ig h t ly  above the maximum normal ( 13. 6$)
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and w e ll  above th e  mean fo r  the age and sex  o f  the su b je c t, as d efin ed  
by Rasmussen (1929, 1933)* Apart from the a ctu a l enumeration, the 
b a so p h il c e l l s  appeared much more numerous than in  any other lr o oP^yse s  from 
young su b jec ts  which I  have examined. A ll the b asoph il c e l l s  seemed o f  
la r g e  s i z e ,  but measurement showed th a t they we>*e in  fa c t  w ith in  normal 
l im it s  ( s e e  th is  p a r t , Case I I I ,  page 1 2 3 )•  The m ajority  o f  the b a so p h il 
c e l l s  showed th e  more extreme forms o f cytoplasm ic h y a lin iz a tio n  d escr ib ed  
by Crooke (1 9 3 5 ), the normal granular cytoplasm  being rep laced  by w a x -lik e ,  
homogeneous, r e f r a c t i le  cytoplasm . Many o f  the c e l l s  were com pletely  
h y a lin iz e d , o th ers  showed p a r t ia l  h y a lin iz a t io n  w ith  granules p e r s is t in g  
as a p er ip h era l rim and as sm all Juxta^nuclear c o l le c t io n s .  The p e r s is t in g  
granules were m ainly very sm all and fe e b ly  s ta in in g . Normal granular 
b a so p h il c e l l s  were ra re , on ly  one or two being encountered in  an o cca s io n a l 
s e c t io n .  The n u c le i o f  the b a sop h il c e l l s  appeared normal even in  the  
com pletely  h y a lin e  c e l l s .  B a so p h il-c e l l vacu o la tion  was inconsp icuous.
The extreme degree o f  the cytoplasm ic a lte r a t io n  in  the b asop h il c e l l s  is  
ev id en t from the i l lu s t r a t io n s  (P la te s  2 , 3 3 , 4 ) .
The s iz e  and r e la t iv e  proportion  o f  the ac id op h il and chromophobe 
c e l l s  were w e ll  w ith in  normal l im it s .  These c e l l s  showed no c y to lo g ic a l  
abnorm ality.
Adenomata. In  the in fe r io r  p art o f the gland there were th ree  sm all 
adenomata, a l l  about 1*3 mm. in  diam eter. The term adenoma i s  used  
in  th e  con ven tion a l sen se  adopted in  hypophyseal h is to lo g y  -  fo c a l  
accum ulations o f  a s in g le  c e l l  type w ith  lo s s  o f  the normal acinous 
p la n . Two o f  the adenomata were o f  p a p illa r y  s tru o tu r e , the c e l l  
type being s im ila r  to th at o f  the normal chromophobe c e l l s  o f  the  
gland. They had in d e f in i t e  edges merging im perceptib ly in to  normal 
parenchyma. In  the th ir d  adenoma th ere  was a cen tra l zone o f  c o l lo id  
m a te r ia l, s im ila r  to  the c o l lo id  o f  the c y s ts  o f the pars in term edia, 
surrounded by a c e l lu la r  zone sharp ly  demarcated from surrounding  
a n ter io r  p itu ita r y  s tr u c tu r e , w ith  com pression o f  adjacent a c in i  
(P la te  4? f i g .  5 ) •  The c e l l s  o f the adenoma were lo o s e ly  arranged 
w ith  l i t t l e  strom al su pp ort, and w ith  no su ggestion  o f p o la r ity .  The 
c e l l s  had la rg e  ova l v e s ic u la r  n u c le i and scanty ir reg u la r  f in e ly  
granular cytoplasm ; some c e l l s  appeared as almost bare n u c le i .  The 
s ta in in g  r e a c t io n  o f  the c e l l s  d if fe r e d  s l ig h t ly  from the chromophobe 
c e l l s  o f  the gland and appeared to  conform to the 1 indeterminate* 
adenoma d escr ib ed  by G raef, Bunim & R ottino  (193^) in  a s im ila r  type o f  . 
ca se , but the degree o f  post-mortem change p resen t does not J u s t ify  a 
sp e c ia l description®  o f the t in c t o r ia l  a f f i n i t i e s  o f  the c e l l s .  I  w i l l  
r e fe r  to the two chromophobe adenomata and the * indeterm inate* adenoma 
c o l le c t iv e ly  as the chromophobe adenomata.
The para interm edia was r e la t iv e ly  la rg e  w ith  many d u c t- lik e  spaces 
l in e d  by one or two la y e r s  o f columnar c e l l s  w ith  f a in t ly  granular
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cytoplasm . In p la ce s  th ese  c e l l s  showed d if f e r e n t ia t io n  to  c e l l s  
in d is t in g u is h a b le  from a n te r io r - lo b e  b asop h il c e l l s  and many o f  the  
dubts were packed w ith  b a sop h il c e l l s ,  many o f which showed h y a lin iz a t io n .  
The p o s te r io r  lo b e . The gross s tru ctu re  appeared normal. Wandering 
b asop h il c e l l s  were numerous in  the area adjacent to  the pars interm edia. 
The m ajority  were h y a lin iz e d . Deep in  the p o s te r io r  lobe there were 
two ir r e g u la r  and incom plete g la n d -lik e  spaces l in e d  by columnar c e l l s  
s im ila r  to  th ose  in  the pars interm edia. These c e l l s  cou ld  be seen  
d if f e r e n t ia t in g  in to  c e l l s  in d is t in g u ish a b le  from a n ter io r  lo b e  b asop h il 
c e l l s .  Wandering b a so p h il c e l l s  produced from th is  area were s c a tte r e d  
in  the nervous m atter around th e  sp aces. Many o f th ese  b asop h il c e l l s  
showed h y a lin iz a t io n .
Other endocrine g lands.
The th y ro id  gland showed normal in v o lu tio n a l t i s s u e .  In the  
r ig h t  ovary prim ordial f o l l i c l e s ,  corpora lu te a  and corpora a lb ic a n te s  
were p re se n t} the l e f t  ovary was rep resen ted  by a s in g le  c y s t  l in e d  by  
f la t te n e d  cu b ica l c e l l s .  No thymic t is s u e  was found in  the mediastinum.
Summary o f  post-mortem f in d in g s .
(1 ) Carcinoma in  substance o f  the pancreas w ith  h ep a tic  and 
glandular m etastases,
(2 ) B i la t e r a l  a d ren o -co rtica l h yp erp lasia .
(3 ) F uchsinoph il (androgenic) granules o f V ines in  ep ith eliu m  
o f  both tumour and adrenal co r tex .
( 4) A nterior p itu ita r y  -  B a so p h ilia  ( r e la t iv e  in crea se  in  b asoph il 
c e l l s ) ,  extreme b a s o p h il - c e l l  h y a lin iz a t io n , three chromophobe adenomata.
93.
D I S C U S S I O N  
The tumour in  the pancreas
The tumour has th e stru ctu re  o f  a m alignant a d ren o -co rtica l adenoma; 
fu c h sin o p h il granules are p resen t, a common fin d in g  in  the adrenal- 
c o r t ic a l  tumours a s so c ia te d  w ith  m a scu lin iza tio n  (B roster  & V ines, 19 3 3 ).
The tumour i s  p resen t in  a s i t e  where a d ren o -co rtica l r e s t s  have been  
shown to  occur (R ib b ert, quoted by Glynn, 19H ) and i s  a sso c ia te d  w ith  
a group o f  symptoms s im ila r  to  th ose  commonly p resen t in  cases w ith  
a d ren o -co r tica l neoplasm. Both m acroscopic a l ly  and m icro sco p ica lly  
the tumour i s  shown to  have no d ir e c t  connexion w ith  the adrenal g lan d s. 
A ccordingly i t  i s  an adenocarcinoma o f an a d ren o -co rtica l r e s t .  H yperplasia  
or tumour in  adrenal r e s t s  i s  uncommon and th e ir  a s so c ia t io n  w ith  sexu a l 
a lte r a t io n  i s  exceed in g ly  rare ( t h is  t h e s i s ,  part I I ) .
Taking in to  co n sid era tio n  the sh ort course o f  the d isea se  in  th is  
c a se , i t  seems l i k e ly  th at the primary con d ition  i s  the carcinoma of 
th e c o r t i c a l  r e s t .  I  con sid er th a t the b i la t e r a l  a d ren o -co rtica l 
iy p e r p la s ia  i s  produced by the same stim ulus (unknown) which induced  
m alignant change in  the a d ren o -co rtica l r e s t .  Reasons w i l l  be given  
l a t e r  fo r  assuming th a t the hypophyseal changes are secondary to  the 
a d ren o -co rtica l abnorm ality. Grollman (193&) has propounded the  
theory th a t h yp erp la sia  or tunour o f the adrenal co rtex  a sso c ia ted  
w ith m a scu lin iza tio n  i s  produced from a s p e c ia l juxta—medullary zone
o f  th e  adrenal cortex* I  have not found any in d ic a t io n  from th e  
morphology o f the en larged  adrenals and th e  a d ren o -co rtio a l tumour to  
in d ic a te  the im p lica tio n  o f  such a t i s s u e  in  the morbid p rocess o f  th e  
p resen t c a s e .( s e e  t h is  t h e s i s ,  p art I I ) „
The hypophyseal abnorm ality.
B a s o p h il-c e l l  h y a lin ia t io n , Crooke (1935) has shown th at a conspicuous 
degree o f  b a s o p h il - c e l l  h y a lin iz a t io n  i s  the only con stan t le s io n  in ,  
and i s  s p e c i f i c  fo r , C ushing's syndrome whether there be a tianour o f  
th e b aso p h il c e l l s ,  o f the adrenal co rtex , or o f  the thymus, and, in  my 
op in ion , a l l  subsequent ev idence appears to  su b sta n tia te  th is  view  ( t h i s  
t h e s i s ,  p art I I I ,  f in a l  d isc u ss io n ) . In  th is  ca se  the h y a lin iz a t io n  
i s  g rea ter  in  degree than has ever been p rev io u sly  recorded; th is  
f in d in g  i s  p o s s ib ly  in  p a r a l le l  w ith  th e la r g e  amount o f abnormal 
a d ren o -co rtica l t is s u e  both as tumour and c o r t ic a l  h yp erp lasia . Crooke 
s p e c ia l ly  noted  th a t , d e sp ite  th e  replacem ent o f the b aso p h il granules 
by the r e f r a c t i l e  h yalin e cytoplasm , the nucleus o f  the h ya lin e b a so p h il­




s tr ik in g  fe a tu r e  in  th is  case  d e sp ite  the remarkable degree to  which ■
S a l in i z a t io n  has proceeded so th a t the n u c le i appear embalmed in  a 
dense w a x -lik e  cytoplasm . S in ce  the nucleus was normal Crooke concluded  
th a t b a s o p h il - c e l l  fcy a lin iza tio n  was an a ttr ib u te  o f  some s p e c ia l  a lte r a t io n  
in  b a s o p h il - c e l l  a c t iv i t y  ra th er  than a stage  o f c e l l  death. In  th is  
ca se  the derangement o f  b a s o p h il - c e l l  a c t iv i t y  i s  o f  extreme degree 
and i t  cannot be denied th a t the accepted morbid b a s is  o f  Cushing* s  
syndrome i s  p resen t
B a so p h ilia . B a so p h ilia  has been p rev io u sly  recorded in  a case  of adreno­
c o r t ic a l  tunour a sso c ia te d  w ith  C ushing's syndrome (Lescher & Robb- 
Smith, 1935)* B a s o p h il-c e l l  h y a lin iz a t io n  was a lso  presen t in  th is  
case (Crooke, 1935). In  connexion w ith  the importance o f t h is  f in d in n g , 
the a c t iv e  development o f b aso p h il c e l l s  from the pars interm edia and 
a sso c ia te d  e p i t h e l ia l  in c lu s io n s  found in  the p o s te r io r  lo b e  in  the  
p resen t case  i s  o f  importance. While columns o f wandering b a sop h il 
c e l l s  in  the p o s te r io r  lo b e  are o fte n  found to  be continuous w ith  the  
ep ith eliu m  o f  the pars in term edia, I  have not observed in  ray co n tro l 
s e r ie s  a c t iv e  d i f f e r e n t ia t io n  o f b asop h il c e l l s  from la rg e  numbers o f  
pars in term edia  c e l l s  as ob ta in s in  the p resen t c a se . Lewis & Lee 
(1927) have already drawn a tte n tio n  to c l e f t s  in  the p o s te r io r  lob e  
l in e d  w ith  e p i t h e l ia l  c e l l s  s im ila r  to  ray f in d in g . I  have a lso  
encountered th ese  stru ctu res  in  the co n tro l s e r ie s  but u n associa ted  
w ith  production  o f  b asoph il c e l l s .  I  thus consider th a t th e a c t iv e
development o f  b asop h il c e l l s  from the pars in term edia and a l l i e d  
t is s u e s  i s  a sso o ia te d  w ith  th e  general b a so p h ilia  and i s  ev idence o f  
a stim ulus fo r  in creased  b a s o p h il - c e l l  a c t iv i t y  which i s  p a rt o f  the  
morbid p r o c e s s .
The chromophobe adenomata. Chromophobe adenomata have been recorded  
in  c a se s  w ith  a s im ila r  pathology to  our own, but a sso c ia te d  w ith  a 
symptomatology more ob v iou sly  belonging to  Cushing* s syndrome (McCullagh 
& C uyler, 1937; G-raef e t .  a l .  1936). C lose (1934) records the f in d in g  
o f  chromophobe adenomata in  10% o f  p itu ita r y  glands from ro u tin e  a u to p s ie s .  
He does n o t d is t in g u ish  between true chromophobe and ' indeterm inate' 
adenomata. Some adenomata which I nave encountered in  ro u tin e  autopsy  
m ateria l have been * indeterm inate* in  character and i t  i s  probable th a t  
C lo se 's  s e r ie s  con ta in ed  examples of th is  type. G-raef e t  a l .  have 
p o in ted  out th a t the s o -c a l le d  chromophobe adenomata are rare in  young 
su b je c ts , and thl£t consider th a t the adenoma in  th e ir  case i s  a s so c ia te d  
w ith  the morbid p rocess and i s  not an in c id e n ta l f in d in g . S in ce , 
however, th ese  adenomata are sometimes found u n associa ted  w ith  adrenal 
tumour, and are not co n sta n tly  a sso c ia te d  w ith  adrenal tumours, i t  would 
appear th a t they can have only  some secondary s ig n if ic a n c e  in  r e la t io n  
to  the morbid p rocess under d isc u ss io n . Cramer & Homing (1936) and 
oth ers have produced la r g e  chromophobe adenomata in  the hypophyses o f  
r a ts  by in je c t io n s  o f  oestrogen . The chromophobe adenomata found in  
cases o f adrenal tumour may be co r r e la te d  w ith  th is  experim ental f in d in g ,  
in  th a t la r g e  amounts o f  oestrogen  have been shown to  be ex creted  in  such
e a ses  (Ttank, 1934; Sfiphir & Parker, 1936). I n G r a e f 's  ca se  the  
o estrogen  ex cr e tio n  exceeded that o f  pregnancy.
j
The r e la t io n s h ip  o f the c l i n i c a l  to  the morbid anatom ical f in d in g s .
The comatose s t a t e  fo llo w e d  by sudden death was apparently due 
to  h ep a tic  f a i l u r e ,  coma and d elirium  being not uncommonly a s so c ia te d  
w ith  m assive n e c r o t ic  secondary carcinoma o f  the l i v e r ,  though th is  
sudden term ination  preceded by con vu lsion s i s  unusual and th e  p o s s i b i l i t y  
th a t th e  coma was due to  the extreme b a s o p h il - c e l l  changes cannot be 
excluded.
At no tim e d id  the p a t ie n t 's  co n d itio n  su g g est th a t a morbid 
p ro cess  was a t work as e x te n s iv e  as I  have found, and on c l in i c a l  grounds 
th e p a t ie n t 's  co n d itio n  might be regarded as one o f  v ir i l i s m  showing on ly  
coarsen in g  o f  the fe a tu r e s ,  h ir s u t ie s ,  amenorrhoea, s l ig h t  hypertension  
and dusky cy a n o s is . The symptomatic h is to r y  o f  the d ise a se  was, 
however, on ly  o f  12 weeks' duration  and my view  i s  th a t had the 
p a t ie n t  l i v e d  lon ger more obvious s ig n s  o f C ushing's syndrome would 
have developed  as a r e s u lt  of the s p e c i f ic  p itu ita r y  change. With 
regard to  the development o f Cushing's syndrome in  ca ses  o f  adreno­
c o r t ic a l  tumour, i t  i s  o f  in te r e s t  to  co n sid er  the course o f  two oases  
p a th o lo g ic a lly  s im ila r  to  ou rs.
Hare, Ross & Crooke (1935) rep orted  the oase o f a fem ale aged  
31 y ea rs  in  whom the f i r s t  s ig n if ic a n t  c l i n i c a l  s ig n s  were changes in  
f a c ia l  appearance, w ith  o b e s ity  and th e growth o f a beard; one year  
la t e r  amenorrhoea fo llo w ed  a p er iod  of raetprrhagia. L a ter , a f u l l  
C ushing's syndrome developed  and the p a t ie n t  d ied  a fte r  a su r g ic a l  
op era tion  fo r  removal o f  an a d ren o -co rtica l carcinoma. Post-mortem  
exam ination showed h y a lin iz a t io n  of the b asoph il c e l l s .  This c l i n i c a l  
p ic tu r e  o f i n i t i a l  v ir i l i s m  fo llo w ed  by C ushing's syndrome was a lso  shown 
by the p a t ie n t  rep orted  by Lescher & Robb Smith (1935). In  th is  o a se , 
in  a fem ale aged 32 y e a r s , m enstruation ceased  abruptly , o b e s ity  appeared  
and was fo llo w ed  by the growth of a beard and moustache. When examined 
three years a f te r  the on set o f  the d is e a s e , she p resen ted  the ty p ic a l  
appearance o f  Cushing* s syndrome w ith  o b e s ity ,  h ir s u t ie s ,  p le th o r ic  
appearance, dusky cy a n o s is , hyperglycaem ia, polycythaeraia, hypertension  
and marked o s te o p o r o s is . As in  the prev ious c a se , death occurred a f te r  
th e removal o f  an ad ren ocortica l carcinoma and again t \y a lin iz a tio n  o f  the  
basop h il c e l l s  was found a t autopsy (Crooke 1935). I t  would appear 
th at the p resen t case d if f e r s  from th ese  mainly in  i t s  sh ort duration  
and on ly  th e  extreme malignancy o f  th e  tumour prevented a s im ila r  
course b ein g  taken. The three ca ses  are p resen ted  as i l lu s t r a t in g  a 
p o s s ib le  sequence in  the g en es is  o f  C ushing's syndrome.
On gen era l p r in c ip le s ,  i t  i s  most u n lik e ly  th a t such a profound  
derangement o f  b a s o p h il - c e l l  fu n ctio n  as i s  m an ifested  by th e  extreme
h y a lin iz a t io n  in  our ca se  would on ly  be a sso c ia te d  w ith  m a n ifesta tio n s  
o f  v ir i l i s m .  On the o ther hand, i t  cannot be doubted th a t h y p ercortico -  
adrenal c o n d itio n s  o f  lon g  duration may be on ly  a sso c ia te d  w ith  m a n ifesta tio n s  
o f  v ir i l i s m  w ithout d evelop ing  evidence o f  m u lti-g lan d u lar d is e a s e , though 
th is  i s  more tru e o f ca ses  w ith  a d ren o -co rtica l hyp erp lasia  than w ith  
tumour ( t h i s  t h e s i s ,  p art I ) .  In  those ca ses  th e p itu ita r y  gland shows 
no dem onstrable abnorm ality.
I t  w i l l  be argued la t e r  in  th is  th e s is  th at in  Cushing's 
syndrome a sso c ia te d  w ith  adrenal tumour the sequence of events is  
as fo llo w s:  th e a d ren o -co r tica l h y p era ctiv ity  r e s u lt s  in  b asoph il­
c e l l  o v e r a c t iv ity  which may be a sso c ia te d  w ith  b a s o p h il-c e ll  in crease  
(b a so p h ilia ) ; b a s o p h il - c e l l  h y a lin iz a t io n  i s  a cytoplasm ic change 
consequent on b a s o p h il - c e l l  o v e r a c t iv ity .
I t  i s  ev id en t from t h is  case  th a t a profound b a s o p h il-c e l l  response  
may be ra p id ly  e l i c i t e d  in  th e a n ter io r  p itu ita r y  by a hyperadreno- 
c o r t ic a l  co n d itio n  w ithout much ex tern a l ev id en ce , and i t  i s  apparent 
from L ech er's and Hare1 s ca ses  th at i t  takes time fo r  unequivocal s ign s  
o f  m u ltig land u lar upset to  develop.
Up to  th is  p o in t I have p assed  over the p o s s ib i l i t y  o f  the hypophyseal
changes in  t h is  case  b e in g  antecedent to  the a d ren o-cortica l abnoim ality .
This would be u n liK ely  i f  return  to  normal cou ld  be obtained  a f te r  removal
o f an a d ren o -co r tica l tumour in  a case where the symptomatology l e f t  no doubt
that the morbid p rocess had passed  beyond th a t o f  pure hypercortico-adrenal
s tim u la tio n .
U n fortu n ately , no oase w ith  the f u l l  c l i n i c a l  p ic tu r e  o f  
C ushing's syndrome has su rv ived  o p era tiv e  removal o f  the  
tumour. W alters, Wilder & Kepler (1934) have recorded  a s e r ie s  
o f  c a se s  under the heading o f ’’The A dreno-C ortical Syndrome1* in  a t  
l e a s t  one of which com plete return  to  normal was ob ta ined  a f te r  
removal o f an adrenal tumour. The symptomatology o f th e ir  oases  
i s  much more su g g e st iv e  o f ea r ly  Cushing* s syndrome than o f  
uncom plicated h yp ercortico -ad ren a l s tim u la tio n  and i t  i s  considered  
th a t one must in fe r  th a t the b a s o p h il - c e l l  a lte r a t io n s  o f  Crooke 
can be secondary to  an adrenal tumour and are r e v e r s ib le .
The importance of the general fin d in g s  in  th is  case  w i l l  be 
in c lu d ed  in  the f in a l  d iscu ss io n  on C ushing's syndrome. The r e la t io n  
o f  adrenal v ir i l i s m  to  C ushing's syndrome w i l l  a lso  be d iscu ssed  la t e r .
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S U M M A R Y .
A ca se  i s  d escrib ed  o f the sudden development o f  a con d ition  
o f  m ild v ir i l i s m  in  a p rev io u sly  healthy and apparently normal 
adult fem ale# Sudden death fo llow ed  a b r ie f  period  o f  coma three  
months a f te r  the on set of the f i r s t  s ig n s . Post-mortem examination  
showed a carcinoma o f  an ad ren o-cortica l r e s t  and b i la t e r a l  adreno­
c o r t ic a l  hyperplasia# In  the an terior  p itu ita r y  gland extreme 
b a s o p h i l - c e l l  h y a lin iz a t io n , b a so p h ilia , and three chromophobe 
adenomata were found. I t  i s  contended that had the p a tie n t l iv e d  
longer a f u l l y  developed Cushing’ s syndrome v/ould have been m anifest 
in  c o n tr a s t  to  the sim ple con d ition  of v ir i l is m  o f  l i f e - lo n g  duration  
m an ifested  by the case  describ ed  in  part I I .  The a lte r a tio n s  in  the 
p itu ita r y  gland  are con sid ered  to  be secondary to  the ad ren o-cortica l 
abnorm ality.
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P A R T  I I I  
plate 1.
Fig, 1, Low power view of section of pancreas and adjacent 
tissue of left adrenal gland. ITote that the tumour 
takes up the tail of the pancreas (dark mass on left) 
and is separated from the adrenal gland, on right, by 
fatty areolar tissue. Note the circumscribed area 
in the centre of the tumour indicating the probable 
site of the original rest tissue
I-I & E
Fig . 2. A higher power view of tumour of fig. 1.
Note the resemblance to adrenal cortex.
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P A R T  III 
Plate 1 
TUHOUR OF PANCREAS (Case 1)
Fig. 1.
A - field, of anterior pituitary gland of Case 1.
13 - field, rich in basophil cells, of a normal anterior 
pituitary gland with some degree of post portera change 
as A and stained by same method. Compare with A.
NOTE in A the extreme degree of hyalinization of the basophil 
cells seen as pale grey cells. Peripheral granulations can 
be made out as dark rims. Areas of juxta-nuclear granulation 
and vacuolation can be made out in the hyaline cells.
NOTE the normal appearance of the nuclei of the abnormal cells.
210 METHOD I I A
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P A R T  I I I
Plate Z..
Pig o
(A) Pield of anterior pituitary gland of case 1 
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Plate 3.
Pig. 4.
Enlargement of area of fig. 3(A).




P A R T  I I I
Plate 4 
Pig. 5.
"Indeterminate” adenoma of anterior pituitary gland, 
Oase 1.
Low power view of complete section of anterior pituitary 
gland. NOTE the snail adenoma with central zone of 
colloid (black mass).
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G A P E  I I .
THE REPORT OF A GAPE OF CUSHING'S SYNIROMS ASSOCIATED
WITH A BASOPHIL ADENOMA OF THE ANTERIOR PITUITARY GLAND.
C lin ic a l  d e t a i l s  o f  th is  case  were k ind ly  su p p lied  by 
Dr. W. Gray.
C lin ic a l  h is to r y .
B efore the development o f her f a t a l  i l ln e s s  th e  p a tie n t  was 
a normal fem ale o f  medium n u tr it io n . M enstruation s ta r te d  a t 
11 y ea rs  and was regu lar u n t i l  1936 when i t  ceased . The p a tie n t  
was m arried and had borne three normal ch ild ren . A ll the  
pregnancies were u n even tfu l. In  193$ the p a t ie n t  was under 
observation  a t  S to b h i l l  H osp ita l fo r  three months, as she had 
become ’'em otional” and feared  th at she would do harm to her ch ild ren .
She was d ism issed  as "improved." Two years la t e r  she was re—admitted to  
S to b h il l  H o sp ita l w ith  the same com plaint. I t  was now obvious that she 
had endocrine d is e a s e . The p a t ie n t , aged 37> le th a r g ic  and em otionally  
u n sta b le , e x h ib ite d  th e fo llo w in g  s ig n s
109.
S ig n s o f  m a sc u lin iz a tio n . The h a ir  o f th e  head was dry. There
was a heavy growth o f  h a ir  on the ch in  and moustache area. The
p a t ie n t* s  b o d ily  hab itus was that o f a ra th er s to u t  male su b je c t .
Her fe a tu r e s  were coarse and o f male typ e. The v o ice  was harsh.
The abdominal and g e n ita l h a ir  and the h a ir  on the lim bs were o f
fem ale type and d is tr ib u t io n . The b rea sts  and c l i t o r i s  appeared
normal. A ll th e  abnormal s ign s dated from 1938.
ffypertension . The s y s t o l ic  blood p ressure v a r ied  from 190 to  240
mm. H g., w ith  o cca s io n a l f a l l s  to 140 mm. Hg.
G lycosu r ia . The u rin e contained from 1 to  2?/0 g lu co se . The 
and hyperglycaem ia-
fa s t in g  blood sugar was 190 mgm. per cen t and a f te r
the in g e s t io n  o f  50 grn. o f g lucose rose  to  300mgm. per cen t w ith in
an hour. When attem pts were made to  con tro l the b lood  sugar w ith
in s u lin  the mental and p h y sica l co n d itio n  d e ter io ra ted .
P igm entation  There was a dusky cyanosed fa c ie s  and
and abnormal c o lo r a t io n .
b lo tch y  red  co lo u ra tio n  o f the abdominal 
w a ll .  The lim bs showed a dark brow nish-blue p igm entation.
A h yp ercortico -ad ren a l s ta te  was considered  to  be the b a s is  
o f  the c o n d itio n , though upset o f p itu ita r y  fu n ctio n  could  not be 
excluded. The p itu ita r y  fo s s a  was normal r a d io lo g ic a l ly .  I t  
was decided  to  v is u a l i s e  the adrenal glands r a d io lo g ic a l ly  using  
r e tr o p e r ito n ea l in je c t io n s  o f a ir .  When th is  was ca rr ied  out the 
r ig h t s id e  was found to  be normal. The f ilm s  o f  the l e f t  s id e  were
n o t good and th e exam ination was rep eated  three days la t e r .  The 
l e f t  s id e  was found to  be normal. The p a t ie n t  d ied  suddenly on 
the even ing fo llo w in g  the la s t  in je c t io n .
Dr. P. E. Reynolds has k in d ly  su p p lied  the fo llo w in g  p o st­
mortem report
POST MORTEM FINDINGS.
General Appearances. The body was th at o f  a w e ll developed and 
q u ite  w e ll, n ourished  woman; w ith in  the body a la rg e  amount o f  
fa t  was found. The general appearance have been recorded in  the 
c l i n i c a l  n o tes  but a t the time o f conducting th e  p ost mortem 
exam ination p igm entation  o f  th e  sk in  was not apparent although  
th ere  was perhaps some excess o f  pigment in  r e la t io n  to  the n ip p le s .
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Body C a v it ie s .  A few  o ld  fib ro u s adhesions passed  between the  
su rfa ce  o f th e  l e f t  lung and the c h e s t  w all* No e x c e ss  o f  f lu id  
was found in  any o f  the body c a v i t i e s  and the on ly  one in  which  
f ib r o u s  adhesions were p resen t was the l e f t  p leu ra l c a v ity . The 
f a t t y  t is s u e s  around both kidneys contained  many bubbles o f a ir .
R esp ira tory  System. The fauces were not congested  and the a ir  
p a ssages were not ob stru cted . Both lungs were con gested  and espec­
i a l l y  in  th e ir  low er lo b e s . In  a d d itio n , two recen t haemorrhages 
had occurred in to  the pulmonary substance o f  the l e f t  low er lo b e  in  
r e la t io n  to  the ro o t o f  th is  lung . The haemorrhages were sm all in  
s i z e  and o f  no p r a c t ic a l  moment.
C ard io-vascu lar System. A la r g e  number o f  " flam e-like"  haemorr­
hages had occurred  under the endocardium l in in g  the c a v ity  o f  the  
l e f t  v e n t r ic le .  The m itra l cusps showed patches o f degenerative  
change in  th e ir  substance and th ese  were o f  a g rea ter  degree than 
i s  u sua l to  f in d  in  women o f th is  p a t ie n t1 s  age. No le s io n s  o f  
th e  cusps o f the o th er o r i f i c e s  were found and the tr ic u sp id  and 
m itra l openings were not d ila te d . The card iac muscle was extrem ely  
p a le  in  co lo u r . S ca ttered  throughout the a orta  were streak s and 
patches o f degen erative  change. Although th ese  were not e x c e ss iv e  
in  degree they  were much more than i s  u sual to f in d  a t  37 years o f  
age.
Endocrine Organs. Both adrenal glands were la r g e  hut they were 
w ith in  normal l i m i t s .  The u su a l r e la t io n sh ip  between co r te x  and 
m edulla was una lte r e d  and no le s io n s  were found in  e ith e r  o f  the  
b o d ies . The th yro id  gland was sm a ll. The p itu ita r y  gland was 
sm all but f i l l e d  up i t s  fo s s a . The o v a r ies  were o f average s i z e .
No f ib r o s i s  had occurred and a f a i r l y  recen t corpus luteum was 
p resen t in  th e  l e f t  ovary.
Urinary System. The kidneys were o f  average s iz e .  Their cap su les  
s tr ip p ed  e a s i ly .  Their substance was p a le  and conta ined  an ex cess  
o f  f lu id .  The u re ter s  were not d ila te d . A con sid erab le  number
o f  haemorrhages had occurred in  or im m ediately beneath the l in in g
o f th e urinary b ladder; again th ese  were " fla m e-lik e ."
Other Organs.  No le s io n s  o f  primary p a th o lo g ica l importance were 
found in  th e  l i v e r ,  sp leen , pancreas, alim entary t r a c t ,  or brain .
In  the w a ll of th e  uterus were a nunber o f f  ibro-leio-m yom ata s itu a te d  
im m ediately below  the p er ito n e a l covering o f  the organ. The la r g e s t  
o f  th ese  was not as b ig  as a l e n t i l .
H alf o f  one o f  the adrenal g lands, p reserved  in  K a iser lin g * s
s o lu t io n , and p a r a ff in  b locks o f  the p itu ita r y  gland were k indly  
su p p lied  t o  me fo r  exam ination by Dr. Reynolds.
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H I S T O L O G I C A L  E X A M I N A T I O N .
The p itu ita r y  gland.
The gland  had been b is e c te d  in  the s a g i t t a l  p la n e , and f ix e d  in  
form alin . I t  was found th at the p a r a ff in  b lock s were too tough  
to  ob ta in  th in  s e c t io n s . A fter a few  complete s e c t io n s  had been  
mounted each b lock  was d iv id ed  in to  fou r p arts  w ith  a sharp razor  
and the r e s u lt in g  b locks were embedded se p a r a te ly . Thin se c t io n s  
were then ob ta ined  and the gland reco n stru cted  from s e r ia l  s e c t io n s .  
From th e exam ination o f the se c t io n s  o f  the o r ig in a l b locks i t  was 
obvious th a t a la rg e  b asoph il adenoma was p resen t in  a gland o f  
normal s i z e .
The b a sop h il adenoma o f the a n ter io r  lo b e .
The adenoma i s  roughly sp h e r ica l and i s  3 to 6 mms. in  diam eter.
I t  i s  not encap su lated  but has produced a condensation  o f  the  
surrounding parenchyma equ ivalent to  a depth o f about 2 a c in i .  
I n fe r io r ly  the tumour abuts on the capsu le o f  the gland w ith the  
production  o f s l ig h t  bu lg ing . P o s te r io r ly  the tumour impinges on 
th e  pars in term edia. The pars interm edia i s  compressed and d is to r te d  
s l i g h t ly .  A n ter io r ly  and su p er io r ly  the tumour i s  covered by the  
su rv iv in g  parenchyma o f  the a n ter ior  lo b e . The su rv iv in g  t is s u e  i s  
judged to  be eq u iva len t to  about one quarter o f  the normal gland. I t  
shows no upset in  gross s tru c tu re . The tumour is  o f p a p illa r y  
character and shows th in -w a lled  b lood spaces c lo th e d  by th ic k  la y e rs  
o f  c e l l s .  A few areas o f  haemorrhage are p resen t but there i s  no
n e c r o s is .  The tumour c e l l s  are of uniform type and are a l l  sm a ll, 
being about 12 & in  diam eter. The cytoplasm  i s  f in e ly  granular.
The granules are sm aller and c lo s e r  packed than in  normal b aso p h il 
c e l l s .  The ch aracters o f the tumour c e l l s  are d e f in i t e ly  b a so p h ilic . 
While in  many c e l l s ,  u sin g  the s p e c i f i c  s ta in s  fo r  /3 granu les, the  
granules s ta in  as in te n se ly  as mature fl granules o f  the a n ter io r  
lo b e , in  o th ers  th e granules s ta in  l e s s  in te n s e ly . The n u c le i are 
sm all and hyperchrom atic. M itoses have not been seen . V acuolation  
and h y a lin iz a t io n  o f  the cytoplasm  o f  the c e l l s  i s  not p resen t. To 
make sure o f  th is  p o in t some hundreds o f  s e c t io n s  were examined over  
a  p eriod  o f  a  y ea r .
The su rv iv in g  a n ter io r  lo b e  t i s s u e .
B asop h il c e l l s  are not numerous and in  many se c t io n s  none i s  p resen t. 
They are a l l  o f  sm all typ e, none b ein g  more than 14 il in  diam eter.
The m ajority  show normal g ra n u la r ity . Qytoplasmic v acu o la tion  i s  
inconspicuous and o f  in ter-gran u lar  type (s e e  case  I I I  fo r  com parison).
A sm all proportion  (about one tength) show the cytop lasm ic h y a lin iz a t io n  
o f  Crooke. W hile a l l  degrees o f  the co n d itio n  are p resen t ly a l in e  
cytoplasm  p resen ts  m ainly as th in  sub-peripheral rim s. This would n ot 
have been made out w ithout the new methods introduced. The n u c le i  
o f  the b asop h il c e l l s  show no abnorm ality. The ac id op h il and
chromophobe c e l l s  show no abnorm ality.
Pars in term edia. The pars interm edia p resen ts  as a number o f  
c o l l o i d - f i l l e d  c y s ts  l in e d  by a f la t te n e d  non-granular cu b ica l 
ep ith e liu m . The wandering b asoph il c e l l s  o f  the p o s te r io r  lo b e  
are scan ty  but w ith in  the normal v a r ia t io n . They show normal 
g ra n u la r ity  and n e ith e r  cytop lasm ic v a cu o la tion  nor h y a lin iz a t io n  
i s  p r e se n t . The pars nervosa shov/s no abnorm ality.
The adrenal co r te x .
The co r te x  appears en larged  and i s  approxim ately the same th ick n ess  
as the co r tex  o f  Case I ,  which i s  d e f in i t e ly  h y p erp la stic  (Dr. Reynolds 
d escr ib es  th e adrenal glands as la r g e  but w ith in  normal l im i t s ) .  The 
gross stru ctu re  o f  the cortex  appears u n a ltered . The fu ch sin o p h il 
granules o f V ines are not found . Frozen se c t io n s  show no abnorm ality.
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D I S C U S S I O N .
C onsidering the r e la t iv e ly  sh ort duration o f  the d ise a se  
th e  syndrome o f p itu ita r y  b asoph ilism  i s  w e ll  developed. The 
su b jec t d id  not show as marked v is ib le  a d ip o s ity  as i s  seen  in  
the f u l ly  developed  co n d itio n  but th e p a th o lo g is t  noted  a large  
amount o f  f a t  in  the body c a v i t i e s .  There i s  no inform ation  
a v a ila b le  concerning o steo p o ro sis  or polycythaem ia.
The s i z e  and stru c tu re  o f the p itu ita r y  adenoma i s  s im ila r  
to  many already d escr ib ed  (Cushing, 1932; R u s s e ll ,  Evans and 
Crooke, 1934; Crooke, 1935). The f a c t  th a t the c e l l s  o f  the  
adenoma d i f f e r  s l i g h t ly  from normal b asop h il c e l l s  o f  the a n ter io r  
lo b e  in d ic a te s  a departure from normal c o n s is te n t  w ith  the b e l i e f  
th a t they are true tumour c e l l s  as opposed to  a fo c a l  h yp erp lasia , 
perhaps s e l f - l im it in g  and o f th e  nature o f a p h y s io lo g ic a l p ro cess . 
The degree o f  h y a lin iz a t io n  o f the b asop h il c e l l s  o f the su rv iv in g  
a n te r io r  lob e parenchyma and the absence o f  h y a lin iz a t io n  in  the 
ttanour c e l l s  s h a l l  be d iscu ssed  in  the f in a l  summation.
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S U M M A R Y .
A oase o f  C ushing's syndrome i s  described, in  a woman o f  
37* A b aso p h il adenoma was p resen t in  the a n te r io r  p itu ita r y  
gland. The c e l l s  o f the adenoma d id  not show the cytop lasm ic  
h y a lin iz a t io n  o f Crooke. B asophil c e l l s  in  the su rv iv in g  
a n ter io r  lo b e  were sm all and not numerous; about 10$  showed the  
h ya lin e  le s io n  o f  Crooke, m ainly in  s l ig h t  degree.
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C A S E  III
THE REPORT OF A CASE OF CUSHING'S SYNDROME
UNASSOCIATSD WITH TUMOUR ANYWHERE.
DESCRIPTION OF CASE.
H isto ry . The p a t ie n t ,  an unmarried male aged 32, was adm itted to  
the su r g ic a l wards of Mr. J . S. Buchanan, Western Infirm ary, Glasgow, 
w ith  c e l l u l i t i s  and abscess form ation o f th e  l e f t  fo o t  caused by 
s l i g h t  trauma. The p a t ie n t  had not f e l t  w e ll  fo r  the p a st three  
yea rs; he had n o tic e d  h is h a ir  becoming grey and o b e s ity  develop ing  
over tile p a st two y ea rs; he had been w orried  by a f e e l in g  o f  
’ u s e le s s n e s s ’ and lack  o f l ib id o  fo r  the p ast e ig h teen  months; 
fo r  th e p a s t  year he found th a t he on ly  had to shave once every  
th ree days in stea d  o f every day, as p rev io u s ly . There was a c l i n i c a l  
h is to r y  o f  d ia b etes  m e llitu s  fo r  th e p ast 12 months. Previous to  a l l  
th is  he had been a normal healthy su b jec t.
On adm ission  the p a t ie n t  was grey-h a ired  and o f  f l o r i d  complexion. 
He was o f  average s ta tu r e  but was very s to u t ,  showing e s p e c ia l ly  
f a c i a l  and abdominal o b e s ity . A few  b lu ish  s t r ia e  were presen t on 
the abdomen. G lycosu ria , p o lyu ria , aceton u ria  and p o ly d ip s ia  were 
p resen t. There was hypertension  (B .P . 1 70 /100 ). The heart was
enlarged; th e  subcutaneous and r e t in a l  v e s s e ls  showed a r te r io s c le r o t ic  
changes. The b lood p ic tu r e  gave R .3.C . 3 .1  m il l io n , W.B. C. 7400 and 
Hb 90$. Bone changes were not obvious but the p a t ie n t  was too i l l  
fo r  e x ten s iv e  in v e s t ig a t io n . The Wassermann r e a c tio n  was n e g a tiv e .  
Radiography o f  th e  s e l l a  tu r c ic a  showed no abnorm ality. The co n d itio n  
was diagnosed as C ushing's syndrome.
The p a t ie n t 's  co n d itio n  d e ter io ra ted  both lo c a l ly  and g en era lly , 
d e sp ite  co n tro l o f  the g ly co su r ia  by in s u lin  and rep ea ted  drainage  
of the s e p t ic  area. U ltim ate ly  a ttack s o f  b lin d n ess , g id d in ess  and 
mental u p se t became freq u en t, and the p a tie n t  d ied  in  coma s ix  weeks 
a f te r  adm ission. Post-mortem exam ination was c a r r ie d  out by P rof.
J . Shaw Dunn 26 hr. la t e r .
Summary o f  post-mortem f in d in g s : Marked hyperta’ophy' o f  l e f t
v e n tr ic le ,  a r te r io s c le r o s is  and bronchopneumonia. Endocrine glands: 
pancreas embedded in  f a t  but showing a con sid erab le  amount o f n a tu ra l-  
lo o k in g  t is s u e ;  adrenals (12  g .)  not enlarged; th yro id  not en laced , 
no abnorm ality; t e s t e s  sm all but o f  normal appearance; p itu ita r y  
gland o f normal s iz e ;  no thymic t i s s u e  found in  the mediastinum.
Only th e p itu ita i*y  gland was taken fo r  h is t o lo g ic a l  exam ination.
The p a r a ff in  b lock s of the gland were g iven  to  me by Dr. J .  E.
Craik.
The p itu ita r y  gland had been d iv id ed  in to  fou r p arts  by cu ts  
p a r a l le l  to  the s a g i t t a l  p lane and f ix e d  in  Formal Z enker/corrosive  
sub lim ate. The p o s te r io r  lob e  was d e f ic ie n t  in  the b lo c k s , on ly  
a narrow rim of t is s u e  being l e f t  adherent to  the a n ter io r  lo b e .
■Anterior p itu ita r y . The an ter ior  p i t u i t a iy  p resen ts a normal 
a r c h ite c tu r e , and the r e la t iv e  prop ortion  o f c e l l s  appears to  be 
w ith in  normal l im it s  w ith  d if f e r e n t ia l  s ta in in g . Rasmussen's 
method o f d i f f e r e n t ia l  c e l l  enumeration i s  s t r i c t l y  a p p lica b le  on ly  
to  h o r izo n ta l s e c t io n s  o f th e  gland. Therefore a Rasmussen count 
cannot be accu ra te ly  copied  in  th is  c a se . The ta b le  below shows 
th e  r e s u lt s  ob ta in ed  on counting 17,000 c e l l s  by the method th a t  
Rasmussen (1929 , 1933) d e f in e s , but u sin g  v e r t ic a l  s e c t io n s .  The 
r e s u lt s  are compared w ith a s im ila r  count ca rr ied  out on a normal 
ad u lt male;
Chromophobe
B asophil c e l l s . A cidophil c e l l s  c e l l s .
CASE I I I  1 QP/o 38^ 31^
CONTROL 8% bO/o 52f0
These f ig u r e s  are w e ll  w ith in  Rasmussen's normal l im i t s ,  and th is  
was the im pression  gained on comparison o f  the s e c t io n s  w ith  se c t io n s  
from 120 o th er human p itu ita r y  g la nd s.
The b aso p h il c e l l s . The b asoph il c e l l s  show th ree ab n orm alities:  
h y a lin iz a t io n , e x c e ss iv e  vacu o la tio n  and an in cr ea se  in  s i z e .  Only 
one to  two normal granular b a s o p h il - c e l ls  were seen  in  most o f  the  
se c t io n s  ( 80) examined.
B a s o p h il-c e l l  h y a lin iz a t io n . As Crooke d escr ib ed , the p ro g ress iv e  
development o f  h y a lin iz a t io n , in  the c e l l s  uncom plicated by e x c e ss iv e  
v a cu o la tio n , i s  seen  to  fo llo w  an in v a r ia b le  r o le  when i t  encroaches 
upon the granular cytoplasm . Beginning as a narrow com plete, or  
almost com plete, zone s itu a te d  p e r ip h e r a lly , th e  h ya lin e  change 
advances towards the n u cleu s. In most c e l l s  showing advanced 
h y a lin iz a t io n , granular cytoplasm  p e r s is t s  in  two a rea s , one in  
con tact w ith  the nucleus on that s id e  o f  the nucleus which has the  
most abundant cytoplasm  ( ju x ta -n u clea r  g ra n u la tio n ), and another on 
the periphery o f th e  c e l l .  When ev en tu a lly  the ju xta -n u clear  
gran u lation  i s  h y a lin iz e d  the p erip h era l gran u lation  i s  o fte n  s t i l l  
p a r t ia l ly  p e r s is te n t  ( s e e  th is  th e s is  p art I  fo r  i l lu s t r a t io n s ) .  
A ll s ta g e s  from a narrow subperipheral h ya lin e  zone to  com plete 
h y a lin iz a t io n  are p rsen t. About 5$ o f  the b asop h il c e l l s  are 
com p letely  h y a lin e  (P la te  5? f i g - 6 ; P la te  6 ,  f i g .  10. ) .  C e lls
w ith  a narrow com plete sub-peripheral h ya lin e  zone are p a r t ic u la r ly  
numerous; th is  type does not appear to  have been observed by Crooke 
(P la te  6 , f i g .  1 1 ) .
V acuolation  in  the b a so p h il c e l l s . About o n e - f i f t h  o f  the  
p a r t ia l ly  h y a lin e  b a so p h il c e l l s  show no v a cu o la tio n  o f  the rem aining  
granular cytoplasm . The r e s t  show vary ing  degrees o f  v a cu o la tio n  o f  
th e granular cytoplasm  and in  most i t  i s  com pletely  vacu o la ted .
E x cess iv e  v a cu o la tio n  in  th e in d iv id u a l c e l l s  as not represented  by a 
la r g e  s in g le  vacu o le  but i s  always o f m u lt ifo c a l o r ig in , being rep re­
sen ted  by a conglom eration o f  sm all v acu o les. These may be o u tlin e d  
b y -a  la y e r  o f  normal r ip e  granules ( in  ter-gran u lar v a cu o la tio n ) (H a t e  6 , 
f i g .  9 and f i g .  10 ) ,  but in  many the o u t lin in g  granules have become
scan ty  and are sm all and fe e b ly  s ta in e d . R e fr a c t i le  cytop lasm ic  
threads are then rev ea led  o u tlin in g  th e v a cu o le s , and to  th is  appearance 
I g iv e  the name cobweb v a cu o la tio n . This cobweb v a cu o la tio n  develops  
in  any area o f th e  c e l l  but i s  most common in  the ju xta -nu clear a rea . 
Cobweb vacu o les o fte n  indent and compress th e n u c leu s, which may 
ev en tu a lly  b e f la t t e n e d  out a g a in st  the periphery o f th e c e l l .
Depending on th e p lane o f s e c t io n  many co n fig u ra tio n s  are produced 
(P la te  6 f i g .  11 and P la tes  7 and 8 )• "Where cobweb v a cu o la tio n  
abuts on h y a lin e  cytoplasm  the threads o u tlin in g  th e  vacu o les appear 
continuous w ith  the h ya lin e cytoplasm . A few  very la r g e  (35 < ) no»- 
h y a lin e  c e l l s  are  p resen t.
In tra h y a lin e  vacu oles are present in  many o f  the c e l l s  w ith  advanced 
h y a lin iz a t io n  (P la te  5 , f i g .  6 , and H a te  7 )• Cobweb v a cu o la tion  i s  
a ls o  conspicuous in  n on -hyalin ized  c e l l s ;  s ta g e s  in  i t s  development are  
shown in  H a te  6  ^f i g .  11 .
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The amount o f  b a s o p h il - c e l l  v a cu o la tio n  i s  much greater than  
in  any o f  th e  glands o f  th e co n tro l s e r ie s  b oth  as regards th e  
proportion  o f  vacu o la ted  c e l l s  and the degree o f v a cu o la tio n  in  th e  
in d iv id u a l o e l l s .
The n u c le i o f  the b a so p h il c e l l s .  In h y a lin e  b aso p h il c e l l s  
uncom plicated by e x c e ss iv e  v a cu o la tio n , th e  n u c le i appear normal 
except fo r  a few  o f th e  com pletely h y a lin iz e d  c e l l s  in  which the  
n ucleus i s  hyperchromatic and s l ig h t ly  d isto rted *  The h y a lin e  
cytoplasm  o f th e  la t t e r  c e l l s  s ta in s  very  deeply* The nucleus may 
be normal in  appearance in  c e l l s  w ith  e x c e ss iv e  cobweb v a cu o la tio n , 
b ut in  th e  m ajority  i t  i s  peripheral and compressed and sca llo p e d  by  
th e vacuoles* D esp ite  the remarkable degree to  which s c a llo p in g  o f  
th e  n u cleu s may proceed in  a s so c ia t io n  w ith  cobweb v a cu o la tio n , i t  i s  
indeed remarkable th a t I  have not seen  a s in g le  example o f nuclear  
p yknosis. In connection  w ith  the assessm ent o f  nuclear pyknosis in  
the normal a n ter ior  p itu ita ry ^ b a so p h il n u c le i vary g r e a tly  in  chromatin 
co n ten t, some b ein g  o f  dense stru ctu re  and h ig h ly  fu c h sin o p h il, and only  
s l ig h t  d e t a i l  i s  made out w ith  w e ll -d if fe r e n t ia te d  s ta in in g  and high  
power ob servation . When the la t t e r  type o f  nucleus i s  compressed 
and sc a llo p e d  l i t t l e  nuclear d e t a i l  i s  d is c e r n ib le  (E la te  7 )• The 
n u c le o l i  o f some o f  th e  n u c le i o f vacu o la ted  c e l l s  appear unusually  
large* Many b in u c le a te  and tr in u e le a te  c e l l s  a re  presen t (4 -6  in  every
s e c t io n  examined) • No m ito t ic  f ig u r e s  were found
Many p e c u lia r  d is p o s it io n s  o f  h y a lin e , v a cu o le s, normal 
g ra n u la r ity  and nucleus in  the b asoph il c e l l s  g iv e  the im pression  
th a t co n stan t a lte r a t io n  in  th e morbid p rocess i s  occurring .
The acid o p h il c e l l s  show normal granularity#
S iz e  o f  chromophil c e l l s . With regard to  the s iz e  of the c e l l s ,  
there i s  a s tr ik in g  abnorm ality p resen t. In  every f i e l d  examined the  
diam eter o f the a c id o p h il c e l l s  has been on ly  a h a lf  to  a th ir d  the 
diam eter of the b asop h il c e l l s  freq u en tly  the d isp rop ortion  has even  
been g r e a te r , w hile on ly  in  a few f i e l d s  was an a c id o p h il c e l l  found  
as la r g e  as the sm a lle st  basoph il c e l l  (P la te  5* f i g .  6 ) .
In  the glands o f su b je c ts , aged 20 -40 , in  the c o n tro l s e r ie s ,  
a c id o p h il c e l l s  vary from 6 to  20 u in  diam eter. A cidophil c e l l s  
show g rea t v a r ia tio n  in  s iz e ;  the b asoph il c e l l s  are much more co n sta n t, 
the v a st  m ajority being 14-16 in  diam eter. O ccasion a lly  a g ian t  
chromophil c e l l  i s  seen . In no case has any d isp rop ortion  in  the 
b a so p h il/a c id o p h il r a t io  been found approaching the con d itio n s in  the  
p resen t c a se . Here l e s s  than o f  the a c id o p h il c e l l s  are over 12 1 ;
0*2$ have diam eters over 16 ; many are le s s  than 8 . The m ajority
o f  the b asop h il c e l l s  are 18-22 in  d iam eter, and about l$> are g ian t  
forms o f 28-36 < ; many o f  th ese  forms show the phenomenon o f  cupping 
(P la te  3 ,  f i g .  8 ; se e  Severinghaus (1938) fo r  ex p la n a tio n ). The 
ta b le  shows the r e s u lt s  obtained  on m easuring, w ith  the eyep iece
m icrom eter, approxim ately 1000 a c id o p h il, and 1000 b a so p h il, c e l l s  
from, th e  p resen t c a se , Case I ,  and, as a c o n tr o l, from s e c t io n s  o f  
th e  hypopfcysis o f a normal adult m ale, age 34. Both case and co n tro l 
appeared to  have the same degree o f  post-mortem change and shrinkage „
Diameter o f  chromophil c e l l s  ( i )
/ 0ver 20~  20- 16^ ^  16-12 " 12-8 ^ 8^
Percentage o f  b asoph il c e l l s  p resen t in  various groups 
P resent Case 27 30 42 3 0
Case I  4  30 58 8 0
C ontrol 7 29 52 12 0
Percentage o f  ac id o p h il c e l l s  p resen t in  various groups 
P resen t Case 0 0 .2  0 .7  78 21
Case I  4  10 29 56 1
C ontrol 3 19 27 47 3
Thus, th ere  i s  in  the p resen t ca se  ( l )  a g rea ter  preponderance o f
b asop h il c e l l s  o f  la rg er  type than normal; (2 ) a  con stan t abnorm ality
o f  the a c id o p h il c e l l s ,  in  th a t they were a l l  o f  sm all type, and i t  i s
c le a r  (Case I) th a t th is  abnorm ality i s  not co n sta n tly  a sso c ia te d  w ith  
- c e l l
b a so p h il/ S a l in i z a t io n .  The chromophobe c e l l s  are a l l  o f the sm all 
type found in  the normal a d u lt. No adenoma has been found on s e r ia l  
s e c t io n .
The p o s te r io r  lo b e . O bservation i s  l im ite d  to  a r ind  o f  t is s u e  
a ttach ed  to  th e  a n ter io r  lo b e . The wandering c e l l s  are p le n t i f u l  and
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o f  normal type. A few show interm ediate s ta g es  o f h y a lin iz a t io n  and 
v a cu o la tio n . The pars interm edia i s  sm all and p resen ts  no abnorm ality.
Summary o f  a n ter io r  p itu ita r y  f in d in g s .
(1 ) A conspicuous degree o f b a s o p h il - c e l l  h y a lin iz a t io n .
(2 ) E x cess iv e  b a s o p h il-c e ll  v a cu o la tio n , w ith  development o f  the  
cobweb and sc a llo p in g  o f  the n u cleu s.
( 3) Enlargement o f  b aso p h il c e l l s .
( 4) G-reat decrease in  s iz e  o f  ac id o p h il c e l l s .
(3) R e la t iv e  proportion  o f  c e l l s  w ith in  normal l im it s .
(6) No adenoma p resen t.
A nterior p itu ita r y  gland. 
Comparison o f cases I ,  I I  & I I I ,
B asophil c e l l s . Adenomata
A cidoph il
c e l l s
Case I .  L arge, e x c e ss iv e  vacu o la tion  
w ith  cobweb development, 
h y a lin iz a t io n .
Case I I I .  In crease  in  number, normal
s i z e ,  extreme h y a lin iz a t io n ,  





lo b e .
No h y a lin iza tio n ,
Sm all, h y a lin iz a tio n  
much le s s  than in  
I  or I I I .
None Small
3 sm all Normal.
chromophobe
adenomata






S ix  to  tw elve  se c t io n s  from d if fe r e n t  le v e ls  o f  each gland  o f  a 
c o n tr o l s e r ie s  o f 1-MD hypophyses were examined by the methods p rev io u s ly  
d escr ib ed  ( t h i s  t h e s is ,  p art 1 ) .  The glands were taken from rou tin e  
au top sies  on adult su b jec ts  mainly from m edical wards. The s e c t io n s  
were s p e c ia l ly  examined w ith regard to  h y a lin iz a t io n  and vacu o la tio n .
B a so p h il~ c e ll h y a lin iz a t io n . H y a lin iza tio n  was found to  a s l ig h t  
degree in  a few ( l  -  3) b asop h il c e l l s  in  s e c t io n s  from seven  d if fe r e n t  
glands. The f in d in g  was not co n sta n tly  a s so c ia te d  w ith  any co n d itio n . 
Thus h y a lin e  b asop h il c e l l s  were encountered in  one case  o f  e s s e n t ia l  
hypertension  but not in  other fo u r , in  one case  o f  alim entary carcinoma 
but not in  o th er n in e , in  two cases  o f bronch ial carcinoma but not in  
o th er  sev en teen , in  one case  o f  d iab etes  m e ll itu s  but not in  other  
seven , in  one ob ese  su b jec t dying from card iac f a i lu r e ,  but not in  any 
other obese su b je c t , in  one su b jec t over 70 , k i l l e d  a c c id e n ta lly , but not 
in  any o th er  su b jec t over f i f t y  f i v e .  B a so p h il-c e l l  h y a lin iz a tio n  was 
not found in  any o f  the cases  o f  the s e r ie s  w ith  endocrine abnorm ality  
except the one ca se  o f d iab etes m e llitu s :  th y r o to x ic o s is  ( 3) > alm ost
com plete a b la tio n  o f the th yro id  by am yloidosis ( l ) , nyxoedema ( l ) ,  
i s l e t - c e l l  tumour o f the pancreas w ith  fcypoglycaemia ( 2) ,  d iab etes  
m e llitu s  ( 8) ,  a d ren o -co rtica l hyp erp lasia  iryh case o f  hypertension  
( l )  , A ddison's d ise a se  (3 ) ,  thymic tumour a s so c ia te d  w ith  n yasth en ia  
g ra v is  ( l ) ; two cases  o f  haemochromatosis w ith  marked haem osiderin
d ep o s its  in  the c e l l s  o f th e a n ter io r  p itu ita r y ;  two oases o f  
parathyroid  h yp erp lasia  or adenoma a sso c ia te d  w ith  o s t e i t i s  fibrosa*
A la r g e  number o f  s e c t io n s  from th ese  c a se s  were examined*
B a s o p h il-o e ll  v a cu o la tio n . The ob serva tion  o f  cytop lasm ic threads 
o u tlin in g  b a s o p h il - c e l l  vacuoles does not appear to  have been p rev io u s ly  
described* S ince i t  i s  so conspicuous a fea tu re  in  the case  i t  might 
be question? i f  th is  was a sp e c ia l type o f  v a cu o la tio n  on ly  a sso c ia te d  
w ith  the p rocess  o f  ty a l in iz a t io n .
V acuolation  o f the b asoph il c e l l s  i s  p resen t in  a l l  the glands o f  
the co n tr o l s e r ie s  in  very varying degree. I t  i s  g en era lly  more con­
spicuous, in  e ld e r ly  su b je c ts . The vacu o la tio n  i s  m ainly o f in tergranu lar  
ty p e , i . e .  th e  vacu oles are o u tlin e d  by a rim o f  granules and no enveloping  
cytop lasm ic membrane ( r e f r a c t i le  thread , in  se c tio n ) i s  v i s ib l e ,  and th is  
obtains even when the vacu o la tion  in  in d iv id u a l c e l l s  i s  m u lt ifo c a l.
Bearing no r e la t io n  to  the degree o f  v acu o la tion  in  the whole gland or  
in  the Ind iv idual c e l l s  cobweb vacu o la tion  i s  p resen t in  a con sid erab le  
number o f  the co n tro l s e r ie s  but in  very s l ig h t  degree and in  very few  
c e l l s .  I t  i s  rep resen ted  by a few contiguous vacu oles w ith  p a r t ia l  
disappearance o f  surrounding granules and appearance o f  the cytoplasm ic  
thread. O cca sio n a lly , when ju x ta -n u c lea r , the cobweb vacuoles sc a llo p  
the n u cleu s. The cobweb vacu olation  is  not a s so c ia te d  w ith  h y a lin iz a tio n  
and i t s  occurrence in  the in d iv id u a l cases cannot be a ttr ib u te d  to  any 
common fa c to r . The g r e a te s t  degrees of vacu o la tion  are presen t in
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e ld e r ly  su b je c ts , Severinghaus (1938) has a lready recorded  th is  
and co n sid ers  th a t i t  i s  a r e a c tio n  to  hypogonadism ( s e n i le  
c a s tr a t io n ) .  In  none o f  the e ld e r ly  su b jec ts  in  the c o n tro l s e r ie s  
i s  the b aso p h il vacu o la tio n  nearly  as marked as i t  was in  the case  o f  
b asop h ilism . Inquiry in to  the con ten ts o f the b aso p h il vacuoles has 
n o t been made, B iggart (1 9 3 4 ), u sing  fro zen  s e c t io n s ,  found b a so p h il 
vacu o les to co n ta in  an un sta inab le substance and sm all q u a n tit ie s  o f  
f a t .
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D I S C U S S I O N .
I  in ten d  to  attem pt to eva lu ate  the various hypophyseal ab n orm alities
(Case I I I )
found in  the c a s e /a s  fa r  as p o s s ib le  in  th e  l i g h t  o f what i s  known o f  
p a th o lo g ic a l r e a c t io n s  in  the human hypophysis.
The p a th o lo g ic a l f in d in g s  in  th is  case  o f  Cushing1 s syndrome are 
unusual in  th a t th ere i s  n e ith e r  hypophyseal, a d ren o -co rtica l nor thymic 
tumour, nor adrenal hyperplasia* Such a p a th o lo g ic a l type o f  b asoph ilism  
i s  rare but n ot unknown (Oppenheiraer e t  al* 1935; Freyberg e t  al* 1936; 
U lr ich , 1936)* N ev erth e less , the hypophysis i s  h igh ly  abnormal* In  
a d d itio n  to  a conspicuous degree o f b a s o p h il - c e ll  h y a lin iz a t io n , the  
hypophysis shows: b a s o p h il - c e ll  enlargement; e x c e ss iv e  b asop h il­
c e l l  v a cu o la tio n , a sso c ia te d  w ith  degranu lation  and the appearance o f  
cytop lasm ic envelopes round th e  v a cu o le s , which d is p la c e , compress and 
s c a llo p  th e n u cleu s; and marked decrease in  th e s iz e  o f  the a c id op h il 
c e l ls *
There i s  no true in d ic a tio n  in  the l i t e r a t u r e  o f  basophilism  as to  
the in c id en ce  o f  the la t t e r  ab n orm alities , owing to  th e cursory  
exam ination and scanty  d e scr ip tio n  o f the a n ter io r  p itu ita r y  in  many cases.
The e x c e s s iv e  b a s o p h il-c e l l  v a cu o la tio n .
B a s o p h il-c e ll  vacu o la tio n  i s  a sso c ia te d  w ith  disappearance o f  
gran u les, and I  consider th a t the appearances in  th is  case and the
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c o n tr o l s e r ie s  in d ic a te  th a t cobweb v a cu o la tio n  i s  m erely an 
in t e n s i f ic a t io n  o f  the usual p rocess where, w ith  in crea sed  disappear­
ance o f  surrounding gran u les, there i s  rev ea led  a r e f r a c t i l e  cytop lasm ic  
envelope (th read  in  se c t io n )  surrounding the vacuoles# I co n sid er  th a t  
i t  i s  probable th a t in  'in terg ra n u la r ' v a cu o la tio n  the envelope i s  a lso  
p resen t but i s  masked by the surrounding granu les.
I t  appears u n lik e ly  th a t the e x c e ss iv e  disappearance o f  3 granules 
a sso c ia te d  w ith  the e x c e ss iv e  vacu o la tio n  and cobweb development can be 
a ttr ib u te d  to the h ya lin e  cytoplasm  in  the c e l l s  com plicating  the normal 
p rocess  o f v a cu o la tio n , in  th a t the p rocess (1) i s  a ls o  extreme in  non- 
h y a lin e  b a sop h il c e l l s  in  the same gland, (2) i s  p resen t in  th e co n tro l 
s e r ie s  u n associa ted  w ith  h y a lin iz a tio n  or  w ith  any other obvious 
abnormal fa c to r ,  and (3) i s  absent in  the h ya lin e b asoph il c e l l s  in  
ca ses  1 and 2 .
Though I  am convinced th a t cobweb v a cu o la tio n  i s  merely a fu rth er  
development o f  ordinary in tergranu lar vacu o la tion  and i s  th erefo re  
cytoplasm ic and not n u clear , Severinghaus (1 9 3 8 ), Rasmussen (193&) and 
G raef, Bunim & R ottin o  (193^) have in terp re ted  what appear to us to  be 
s im ila r  appearances in  h yalin e b aso p h il c e l l s  in  C ushing's syndrome as 
n u clear  ' b l i s t e r s , '
Severinghaus (1 9 3 8 ), commenting on Crooke1 s f in d in g s  s ta te s  (p#8i+.) 
th a t on examining se c t io n s  from a case  (G raef*s) o f  Cushing's syndrome 
la  1934, *1 rep orted  s im ila r  changes, which I  ch aracter ized  as a general 
degranulation  of the b asoph ils o f the hyp op lysis . . . .  Nuclear changes in  
th ese  b asop h ils  were to  me, however, more s tr ik in g  th a i the cy top lasm ic .
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Very few c e l l s  baud n u c le i .  In  most ca se s  they  were extrem ely  
lo b u la te d , freq u en tly  w ith  v e s ic u la r  b u lg es , n ot u n lik e  th in -w a lle d  
b l i s t e r s  which occupied  most o f th e  volume o f  the c e l l .  Deeply  
shrunken, e lo n g a ted , pyknotic n u c le i were numerous. * Therefore  
Severinghans c le a r ly  in terp re ted  the vacu oles as n u clear s tr u c tu r e s .
In  the diagrammatic i l lu s t r a t io n s  provided  the a r t i s t  has been tardy  
to  fo llo w  the w r itte n  d escr ip tio n s  and at the most has drawn the vacu o les  
as h ern ia tio n s  o f the n u c leu s , the nuclear membrane being drawn mainly 
in ta c t .
Rasmussen rep orted  th a t in  the a n te r io r  p i t u i t a r ie s  o f three cases  
o f  C ushing's syndrome, in  ad d itio n  to b a s o p h il - c e l l  h y a lin iz a t io n , 'the  
n u c le i o f  th ese  abnormal c e l l s  may be en larged  andlobulated  as i f  b a lloon ed  
out in  s e v e r a l p la c e s .  These nuclear changes have been s tr e s s e d  by 
Severinghaus . . .  The n u c le i o f some o f  th ese  c e l l s  may appear e s s e n t ia l ly  
normal#'
G-raef e t  al# s ta te  th a t the n uclear b l i s t e r s ,  'e x h ib ite d  no 
chromatism w ith  any o f  the s ta in s  em ployed.'
Cobweb vacu o la tio n  can be e a s i ly  made to  sim ulate n u clear 'b l i s t e r in g . '  
With the s ta in in g  methods used ( t h is  t h e s i s ,  p t . l  ) nuclear and cyto­
p lasm ic stru ctu res  have always been b r i l l i a n t ly  d if fe r e n t ia te d . The 
p ro cess  o f cobweb vacuoles compressing the nucleus i s  obvious when the 
p lan e o f  s e c t io n  p asses  through the lon g  a x is  o f  the c r e sc e n tic  sc a llo p e d  
n u c leu s , but when the p lane is  ta n g en tia l on ly  a sm all area of indented  
nucleus is  p resen t. In  many s ta in in g  methods advocated fo r  the a n ter io r
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p it u it a r y ,  th e  n u c leu s , granules and h y a lin e  cytoplasm  o f  th e b asop h il 
c e l l s  appear as s l i g h t ly  d if fe r e n t  shades o f b lu e . The l i g h t l y  
s ta in e d  cytop lasm ic threads o f the vacuoles appear, w ith  th ese  s t a in s ,  as 
co n tin u a tio n s o f  the n uclear chromatin threads. Cobweb vacu o la tio n  i s  
then e a s i ly  m istaken fo r  a con tin u ation  o f  nuclear s tr u c tu r e .
I  have always found th a t p e r s is t in g  granules studding the threads 
which o u t lin e  the v e s ic le s  g iv e  the r e a c tio n s  o f  cytop lasm ic and not 
n u clear  m a ter ia l, and I  am o f  the op in ion  th a t the appearances are 
com pletely  exp la in ed  as a r e s u lt  o f com pression and s c a llo p in g  o f the  
nucleus by the cobweb v a cu o les.
D im inution in  s iz e  o f  the acid o p h il c e l l s  in  basoph ilism  has only  
been recorded  once b e fo re , as fa r  as I can a scer ta in  -  in  the Rabbe- 
Krause ca se  of Cushing’ s o r ig in a l s e r ie s  (Cushing, 1932). The decrease  
in  s i z e  was not so  marked as in  the p resen t case .
The s ig n if ic a n c e  o f  the abnorm alities o f s i z e  and v a cu o la tio n  o f the  
chromophil c e l l s .
I t  cannot be h e ld  th at th ese  abnorm alities o f s iz e  and vacu o la tion  
p resen t in  the chromophil c e l l s  o f th e  A p op h ysis  rep resen t a con gen ita l 
anomaly o f  the hypophysis, in  that the su b jec t was a normal h ea lth y  
v i r i l e  male u n t i l  three years before death and was o f  normal s ta tu r e . 
Furthermore, th ese  abnorm alities must have on ly  some secondary 
s ig n if ic a n c e  in  r e la t io n  to  the morbid p rocess o f basophilism , in  th a t  
they are in con stan t f in d in g s  in  basophilism  ( I  did not f in d  them in  
ca ses  1 and 24 and they are not a sso c ia te d  w ith any p a r tic u la r
p a th o lo g ic a l ty p e , s in c e  s im ila r  v a cu o la tio n  was found in  Graef* s case  
o f  a d ren o -co rtica l carcinoma, and d ecrease in  s i z e  o f  a c id o p h il c e l l s  
occurred in  the Rabbe-Krause case  o f b aso p h il adenoma.
C a stra tio n  during a c t iv e  sexu a l l i f e  i s  the on ly  co n d itio n  which 
i s  known to  produce in  th e human hypophysis a degree o f b a s o p h il-c e l l  
v a cu o la tio n  s im ila r  to  th at found in  the p resen t case  (B ig g a r t, 1934 ).
In  the c a s tr a te d  r a t ,  in  ad d itio n  to  e x c e ss iv e  b a s o p h il-c e l l  v a cu o la tio n , 
th e b asop h il c e l l s  in crease  in  number and s i z e ,  w h ile  the a c id o p h il c e l l s
d ecrease  in  number and s i z e  ( Severinghaus, 1938)* In the hypophysis o f
the c a s tr a te d  human, o f  which few c r i t i c a l  exam inations have been made, 
on ly  e x c e ss iv e  b a so p h il-c e ll^ a c u o la tio n  and perhaps b a s o p h il-c e l l  
in cr ea se  have been reported  (B ig g a r t, 1934). There i s  no d e ta ile d  
account o f the type o f  vacu o la tio n , though Rasmussen (1938) d ep ic ts  
i t  as a s in g le  la r g e  vacuole tak ing up the bulk o f  the c e l l .  I have 
reason  to  b e lie v e  th at th is  is  by no means always the c a se , in  th a t in  
the v ir tu a l ly  c a s tr a te  s ta te  o f  s e n i l i t y ,  as seen  in  the aged su b jec ts  
o f  the co n tro l s e r ie s ,  any e x c e ss iv e  b a s o p h il-c e ll  vacu o la tion  i s  not 
rep resen ted  in  th is  form in  th e la rg e  number which I have examined, but 
i s  rep resen ted  by a conglom eration o f sm all vacuoles in  the b asoph il c e l l s
s p e c ia l ly  a ffe c te d .
s ta te
The ca s tr a te /a n d  Cushing's syndrome have much in  common c l i n i c a l l y ,  
w h ile  gonadal atrophy and f ib r o s is  are freq u en tly  p resen t in  C ushing's 
syndrome (C ushing, 1932). U nfortunately , no m icroscopic exam ination
o f  the t e s t s  o f  my case was made.
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I  con sid er th a t the Increase in  s i z e  and e x c e ss iv e  v a cu o la tio n  o f the  
b a so p h il c e l l s  and th e decrease in  s iz e  o f  th e  a c id o p h il c e l l s  are l i k e ly  
to  be c o r r e la te d  w ith  the fin d in g s  in  the c a s tr a te d  r a t  and are to  be 
in te r p r e te d  as rep resen tin g  a phase o f hypophyseal rea c tio n  secondary  
to  hypogonadism. Why th ese  changes should  be in con stan t in  b asoph ilism  
i s  unknown, but not incom patible w ith  our knowledge o f  the a n ter io r  
p it u it a r y ,  in  which change, even in  morbid p r o c e sse s , i s  probably  
co n sta n tly  occurring . An example o f  th is  i s  the f in d in g  by Severinghau3 
o f  a h igh  b a s o p h il -c e ll  count in  the hypophysis from a case  o f A ddison's  
d ise a se  as opposed to  the constant f in d in g  by oth ers o f great b a so p h il­
c e l l  decrease in  th is  co n d itio n . The unusual f in d in g  i s  in terp re ted  
as a consequence o f  death occurring during a phase o f b a s o p h il - c e l l  
reg en era tio n , which must be rare in  th is  co n d itio n  ( Severinghaus, 1938).
There i s  p o s s ib ly  another fa c to r  concerned w ith  the in crease  in  
s i z e  o f the b asop h il c e l l s ;  w hile  mary of th e very la rg e  ones show 
gross v a cu o la tio n . o th ers , u n associa ted  w ith  vacu o la tion , show an 
advanced degree o f  h y a lin iz a t io n . The la t t e r  c e l l s  have freq u en tly  
two or more n u c le i ,  and I consider th at th e ir  enlargement is  probably  
more c o r r e c t ly  to  be in terp reted  as a m an ifesta tio n  o f fu n c tio n a l  
hypertrophy as d is t in c t  from the enlargement a sso c ia te d  w ith  gross  
v a cu o la tio n .
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The h y a lin iz a t io n  o f  the b asoph il c e l l s .
W hile the abnorm alities o f ch rom op h il-ce ll s iz e  and vacu o la tio n  
must be con sid ered  as secondary changes b earin g  a very general in te r ­
p r e ta t io n  to  the morbid p rocess of C ushing's syndrome, th is  cannot 
be s a id  o f  the conspicuous degree o f  b a s o p h il - c e l l  h y a lin iz a t io n  which 
i s  p resen t.
Crooke con sid ers  th a t h y a lin iz a t io n  o f  the b a so p h il c e l l  i s  an 
in d ic a t io n  of a lte r e d  p h y s io lo g io a l a c t iv i t y ,  as opposed to  a sta g e  o f  
urell death , s in c e  the b a s o p h il-c e l l  n u c le i  are e n t ir e ly  normal. 
Severinghans (193^) contends that i t  i s  a sta g e  to  c e l l  death s in c e  he 
found n u clear breakdown (b l is t e r in g )  a s so c ia te d  w ith  h y a lin iz a t io n .
My in te r p r e ta tio n  o f the nuclear appearances favour&Crooke* s view as 
to  the e s s e n t ia l  nature of the le s io n .  Moreover, i t  i s  apparent from 
th e  exam ination of the other two cases o f  b asoph ilism  th a t b a s o p h il-c e ll  
abnorm ality a d d itio n a l to h y a lin iz a t io n  i s  in con stan t.
The presence o f  b a so p h il-ce ll*  ty a l in iz a t io n  has never been denied  
in  any ca se  o f  Cushing's syndrome reported  s in c e  Crooke's o r ig in a l  
communication, except in  one in stance -  a case  d escribed  by Pons & 
Pappenheimer (1937)* I do not con sid er th a t i t  i s  c l in i c a l ly  a case  
o f  b asoph ilism  and, moreover, on ly  o n e -h a lf  o f  the gland was examined 
and b a so p h il c e l l s  were scanty in  that h a lf .  B a s o p h il-c e ll  b y a lin i-  
za tio n  has been found in  two cases o f basophilism  a sso c ia te d  w ith  
unique p itu ita r y  le s io n s ,  not included  in  Crooke's o r ig in a l s e r ie s  -
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a m eta sta s iz in g  b asop h il carcinoma (Cohen & D ib le , 1937) a la rg e  
chromophobe adenoma (P u lle r  & R u s s e ll ,  1936). I  now add th is  th ird  
type -  a  conspicuous degree o f  h y a lin iz a t io n  o f the b asop h il c e l l s  in  
a ca se  o f  basoph ilism  w ithout tumour. - Rasmussen (193$) has already  
made very b r ie f  re feren ce  to  b a s o p h il-c e l l  h y a lin iz a t io n  in  such a type.
These f in d in g s  co n tra st w ith  the in con stan t and excep tion a l f in d in g  
o f  a  few iy a l in e  b asop h il c e l l s  in  co n d itio n s other than C ushing's 
syndrome (Crooke, 1933; Rasmussen,1936; my c o n tro l s e r ie s ) ,  and 
e s p e c ia l ly  w ith  the absence o f  b a s o p h il - c e l l  h y a lin iz a t io n  in  so  many 
cases  o f  endocrine abnorm ality in  ray co n tro l c a se s . A ll th ese  
su b s ta n t ia te  Crooke1s hypothesis th a t the abnormal a c t iv i t y  o f the  
b aso p h il c e l l s ,  o f  which h y a lin iz a tio n  i s  the morbid m a n ifesta tio n , 
i s  th e  e s s e n t ia l  abnormality of C ushing's syndrome. S p ec ia l w eight 
i s  added to  th is  view  by the p resen t case  in  which no tumour or hyper­
p la s ia  o f  th e  b aso p h il c e l l s  o f the hypophysis, the adrenal cortex  or  
o f  the thymus i s  p resen t, and in  which the p e c u lia r  nuclear appearances 
in  many b a so p h il c e l l s  are accounted fo r  by the e f f e c t s  o f vacu o la tion  
in  the ce^ ls  .
The in te r r e la tio n sh ip , o f the d if fe r e n t  p a th o lo g ica l typ es o f C ushing's 
syndrome.
Many w r ite r s  have taken d e f in ite  views e i th e r  th a t basophilism  
i s  e s s e n t ia l ly  a h yp er-ad ren o-cortica l or a hyper-basophil con d ition  
( s e e  Pardee, 1938). While n e ith er  view  i s  j u s t i f i e d  on morbid
anatom ical grounds when a l l  the p a th o lo g ic a l types are considered , 
a t te n t io n  must be drawn to  the c o r r e la t io n  e x is t in g  between many o f  
the p a th o lo g ic a l types o f  b asoph ilism  in  a d d itio n  to  the common bond 
o f  b a s o p h il - c e l l  h y a lin iz a t io n . Thus, i t  i s  the r u le  ra th er than 
th e excep tion  to  f in d  a d ren o -co rtica l h yp erp lasia  a s so c ia te d  w ith  
b a so p h il adenoma (Preyberg e t  a l .  1936); and again  in  some ca ses  of  
a d ren o -co r tica l tumour, b a so p h ilia , th a t i s  a r e la t iv e  in crea se  in  the  
b aso p h il c e l l s ,  i s  presen t (Lescher & Robb-Smith, 1935; Case I I ) .
In  McLetchie & S c o t t 's  ca se  b asop h il c e i l s  are a c t iv e ly  developing  
from the 'd u cts ' o f the pars in term edia  in  co n tra st to  the o ther ca ses  
o f  b asoph ilism  which I have examined and the glands o f  the co n tro l 
s e r ie s ,  in  none o f  which i s  such a c t iv e  b a s o p h il - c e ll  in crea se  ev id en t.
The above fin d in g s  suggest th at hypersecretory  p ro cesses  o f the  
b a so p h il c e l l s  and the adrenal co rtex  are complementary, the one
Xproducing the o th er . S ince an organ need not n e c e s s a r ily  enlarge  
w ith  h y p e r a c tiv ity , I consider th a t in  th ose  cases  o f basophil adenoma 
and adreno-cortica l tumour in  which th ere i s  n ot enlargement o f  the  
complementary organ (a d ren o -co r tica l h yp erp la sia , b a so p h ilia ) e ith e r  
h y p e r a c tiv ity  o f the complementary organ i s  p resen t but i s  not expressed  
in  enlargement or the organ was not in  a phase o f  h y p era ctiv ity  at the  
time o f  death, but was so e a r l ie r .
In  A ddison's d is e a se , d estru ctio n  o f the adrenal co rtex  i s  
accompanied by great decrease in  the number o f b asop h il c e l l s  o f the
hypophysis (Crooke & R u sse ll , 1935; th is  th e s is  Partl^T). These
* The r e la t io n  o f a d ren o -co rtica l tumour to  the adrenal v ir i l i s im  and 
to  C ushing's syndrome i s  d ea lt w ith  la t e r .
f a c t s  su ggest th a t the b a sop h il c e l l s  and the adrenal co r te x  c o n s t itu te  
a fu n c t io n a l complex. Cushing's syndrome i s  in  alm ost every r e sp e c t  
an o p p o site  co n d itio n  to  A ddison's d ise a se  (McQuarrie, Johnson &
Z ie g le r , 1937)* One might th erefo re  cla im  th a t w h ile  Addison's  
d is e a se  i s  the symptom o f hypofunction of the b a so p h il-a d r e n o -c o r tic a l  
complex, Cushing’ s syndrome i s  a symptom of h y p e r a c tiv ity  o f  the complex.
The thymic tumours o f C ushing's syndrome are a sso c ia te d  w ith  
a d ren o -co r tica l hyp erp lasia . Thus whether in  C ushing's syndrome 
th ere  i s  a b asop h il adenoma, adrenal tumour or  tlym ic tumour, th ere  
e x i s t s  s u f f i c ie n t  c o r r e la t io n  on morbid anatom ical grounds to  in d ic a te  
th e  even tu a l production  o f a common in ter-en d o cr in e  abnorm ality q u ite  
apart from the f in d in g  o f  b a s o p h il - c e l l  h y a lin iz a t io n . But in  the  
c a se  which I  have described  there i s  no a b so lu te  morbid anatom ical 
evidence o f b a so p h il, a d ren o -co rtica l or thymic h y p e r a c tiv ity .
However, i t  must be kept in  mind that the p a th o lo g ica l f in d in g s  in  
the hypophysis o f  basophilism  are on ly  th ose  ob ta in in g  a t a p o in t o f  
time in  a complex morbid process p o s s ib ly  undergoing constant a lte r a t io n .  
I  have already noted  th a t, in  the p resen t c a se , although the b asoph il 
c e l l s  were not in creased  in  number, la r g e  b in u c lea te  and tr in u c le a te  
forms were numerous. A few  b in u c lea te  (and tr in u c le a te )  b asoph il 
c e l l s  are encountered in  most human hypophyses. The proportion  i s  
very v a r ia b le  throughout any gland and no d e f in i t e  statem ent cou ld  
be g iven  about th e  proportion in  the p resen t c a se , w ith  referen ce  to
normal, w ithout a  very ex ten s iv e  s t a t i s t i c a l  survey. N e v e r th e le ss , 
in sp e c t io n  o f  the s e c t io n s  g iv es  the im pression th a t la r g e  b in u c le a te  
forms are abnormally numerous. I t  i s  p o s s ib le  th a t th is  i s  an 
in d ic a t io n  o f  b a s o p h il - c e l l  typ er a c t iv i t y .
Thus apart from th e common bond o f  b a s o p h il - c e ll  h y a lin iz a t io n  
th e  rather unique ca se  o f basoph ilism  d escr ib ed  o f fe r s  p o s s ib le  
c o r r e la t io n  w ith  the common morbid anatom ical types o f basophilism  in  
th a t th ere  i s  evidence su g g e stiv e  o f b a s o p h il - c e l l  h y p era c tiv ity . The 
f in a l  e lu c id a tio n  o f  the problem depends on the s ig n if ic a n c e  o f  b asop h il­
c e l l  ty a l in iz a t io n .  While th is  problem must u lt im a te ly  r e s t  w ith  the  
experim ental worker, I  consider th a t c e r ta in  ob servation s at l e a s t  
su ggest a s o lu t io n , though the con clu sion s reached must be taken w ith  
reserv e  as the evidence i s  based on h is t o lo g ic a l  change from a 
q u a n tita t iv e  asp ect which i s  never a c e r ta in  guide.
The s ig n if ic a n c e  o f  b a s o p h il-c e ll  h y a lin iz a t io n .
Crooke has noted  two sp e c ia l p o in ts  w ith  referen ce  to  the  
b aso p h il adenoma o f C ushing's syndrome: ( l )  the c e l l s  o f  the adenoma
did  not show the h ya lin e  change; and (2) w hile the b asoph il c e l l s  o f  
th e su r v iv in g  parenchyma showed h y a lin iz a t io n , i t  was not so conspicuous 
as in  the hypophyses from Other morbid types o f  basophilism  (adrenal 
tumour, thymic tumour) in  f iv e  o f  the s ix  c a se s  o f  basophil adenoma 
examined by him. This was a lso  the fin d in g  in  case  I I ,  p rev iou sly  
d escr ib ed , where no h y a lin iz a tio n  was p resen t in  the la rg e  adenoma
w h ile  h y a lin iz a t io n  was m ainly lim ite d  to  minute subperipheral rims 
in  about on e-ten th  o f  the b asoph il c e l l s  o f  the su rv iv in g  parenchyma.
In  the ca se  rep orted  by Cohen & D ib le  (1936) a m e ta s t is iz in g  b asop h il 
carcinoma was a s so c ia te d  w ith  a c l i n i c a l  syndrome co n ta in in g  p r a c t ic a l ly  
every s ig n  ever recorded in  Cushing's syndrome. H y a lin iza tio n  was not 
p resen t in  the c e l l s  o f the carcinoma. In  the very  scan ty  su rv iv in g  
gland parenchyma h y a lin iz a t io n  was p resen t in  s l ig h t  degree in  a few  
b aso p h il c e l l s  and was demonstrated w ith  d i f f i c u l t y  (Cohen & D ib le ,1937) • 
In th e f i r s t  p la c e  i t  w u ld  appear th a t the c e l l s  o f the b asop h il 
adenoma o f  C ushing's syndrome do not obey th e  same laws as the b asoph il 
c e l l s  o f the parenchyma in  th a t they do not undergo h y a lin iz a t io n  -  a 
fa c to r  perhaps not in c o n s is te n t  w ith  our knowledge o f  the autonomy o f  
tumour c e l l s .  Secondly, e s p e c ia l ly  from the evidence o f  Cohen &
B ib le 's  c a se , i t  would appear th a t the b asop h il tumour, when p resen t, 
i s  the s ig n if ic a n t  abnormality in  th e hypophysis and th a t b a s o p h il-c e l l  
h y a lin iz a t io n  i s  a su bsid iary  phenomenon s in c e  the la t t e r  may be 
r e la t iv e ly  inconsp icuous. S ince th is  ev idence in d ic a te s  th at hyper­
a c t iv i t y  o f  the b asoph il c e l l s  i s  the e s s e n t ia l  le s io n  in  basoph ilism , 
and s in c e  b a s o p h il-c e l l  h y a lin iz a tio n  i s  a  constant f in d in g  in  a l l  
p a th o lo g ic a l types o f basophilism , i t  would be reasonable to  assume th a t  
cytop lasm ic h y a lin iz a t io n  i s  a change consequent on b a s o p h il-c e l l  hyper­
a c t iv i t y .  As we s h a l l  see  la t e r  th is  assumption goes fa r  to  u n ify  a l l  
the v a r ied  p a th o lo g ic a l p ic tu r e s  which p itu ita r y  basoph ilism  i s  h e ir  to .
My ex p lan ation s o f  the various fin d in g s  in  Cushing* s syndrome 
are summarized below .
Mechanism o f p itu ita r y  basoph ilism .
B asophilism  may be in i t ia t e d  by a h ypersecretory  tumour o f  the  
b a so p h il c e l l s  o f  th e l^ypophysis, o f  the adrenal c o r te x , and p o s s ib ly  
o f  th e  thymus. The b asop h il adenoma produces a d ren o -co rtica l hyperfunc­
t io n ,  which i s  u su a lly  expressed  in  enlargement o f the adrenal c o r te x .
The a d ren o -co rtica l tumour produces b asop h il h y p era c tiv ity  which may 
be a s so c ia te d  w ith  a c t iv e  in crease  in  b a sop h il c e l l s  (b a so p h il ia ) .  The 
in ter -g la n d u la r  r e la t io n sh ip s  o f the thymus are obscure, but the mechanism 
in  Cushing* s  syndrome i s  understandable in  th a t a d ren o -co rtica l hyper­
p la s ia  and b a s o p h il - c e ll  h y a lin iz a t io n  are co n sta n tly  a sso c ia te d  w ith  
the thymic tumour o f  Cushing* s syndrome. B asophil h y p e r a c tiv ity , 
which i s  common to  a l l  th ese  mechanisms, actin g  on a l l  other endocrine  
glands r e s u lt s  in  the m ulti glandular d istu rb ance, the outward mani­
f e s t a t io n  o f  which i s  Cushing* s syndrome. B a s o p h il-c e ll  h y a lin iz a t io n
on
i s  a  cytop lasm ic change co n seq u en t/h yp eractiv ity  o f the basoph il c e l l s  
and hence i s  common to  a l l  these mechanisms. In  the case o f the 
b a so p h il adenoma the tumour c e l l s  do not obey th e ord in a iy  laws 
a p p lica b le  to  the basoph il c e l l s  o f  th e hypophysis and do not develop  
h y a lin iz a t io n . The r ea c tio n  o f  the b asoph il c e l l s  o f  the su rv iv in g  
gland in  the hypophysis con ta in in g  a b asop h il adenoma i s  only o f  
secondary s ig n if ic a n c e  and only s l ig h t  l^ ya lin iza tion  i s  u su a lly  produced.
In  some c a s e s ,  such as the one I have d escrib ed , no tumour i s  p resen t.
I t  would appear reasonable to  assume th a t in  th ese  cases there is  a 
g en era lize d  b a s o p h il - c e l l  abnorm ality in  which phases o f  h y p e r a c tiv ity  
a lte r n a te  w ith  h y a lin iz a t io n , though th is  may be secondary to  adreno­
c o r t ic a l  h y p e r a c tiv ity  expressed  u su a lly  by h yp erp lasia . Consequent 
on th e m u lti glandular abnorm ality produced by b a s o p h il-c e ll  h yp eractiv ity  
c e r ta in  secondary changes may occur in  the hypophysis: e x c e ss iv e
b a s o p h i l - c e l l  va cu o la tio n , decrease in  s iz e  o f acidop h il c e l l s ,  the 
development o f  chromophobe adenomata. The e x c e ss iv e  vacu o la tion  o f the 
b asop h il c e l l s  w ith  cobweb development and consequent n u clear d is to r t io n
may be, a t some phases o f the d is e a se , one o f  the most conspicuous morbid 
the
appearances in /h yp op h ysis.
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P la te  5 .
P ig , 6 shows two b a so p h il c e l l s ,  one (com pletely  
h y a lin iz e d )  shows in t r a -h y a l in e  v acu o les .
P ig , 7 . A h y a lin e  c e l l  showing a s in g le  vacuole among 
th e  p e r s i s t in g  g ra n u le s .
F ig . 8 . A la rg e  h y a lin e  b aso p h il c e l l  "cupping” th re e  
immature c e l l s ;  one ap p ears , in  th i s  p lan e  o f 
s e c tio n , to  be in te r n a l .  NO® th e  sm all s iz e  
o f  th e  surrounding  a c id o p h il c e l l s  (o ran g e-red ).
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Plate 5.
Hyaline basophil cells unassociated with excessive 
vacuolation; from the pituitary gland of Case III
’ • • I  
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P l a t e  6
P ig , 9 A b aso p h il c e l l  showing g ro ss  in te rg ra n u la r  
v a c u o la tio n  and a p e r ip h e ra l  rim  o f h y a lin e  
cytoplasm .
Fig* 3.0. The two low er c e l l s  show com plete h y a l in iz a t io n .
The ju x ta -n u c le a r  a re a  in  th e  upper c e l l  shows 
v ac u o la tio n  w ith  cobweb development and sc a llo p in g  
o f  n u c leu s .
F ig . 11 . A -  a normal g ra n u la r  b aso p h il c e l l ;  th e  nucleus 
i s  ou t o f  fo cu s.
B -  cobweb v ac u o la tio n  developing  in  5 f o c i ;  the 
nucleus i s  p e r ip h e ra l .
C -  a la rg e  a rea  o f cobweb v acu o la tio n  i s  p re se n t, 
th e  nucleus i s  ou t o f  focus on l e f t  o f  c e l l .
D -  NOTE th e  f in e  su b -p e r ip h e ra l rim  o f  h y a lin e  
cytoplasm .
147.
P A R T  I I I .
Plate 6.
Gross cytoplasmic vacuolation in basophil cells of pituitary 
gland (Case III).
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Plate 7.
Three fields showing cobweb vacuolation, hyaline 
cytoplasm, and nuclear displacement and scalloping 
in basophil cells (Case III).
Contrast with lield, X 9 of basophil cells from a normal 
pituitary gland.
X 1000 METHOD IIB
149
P A R T  I I I
P la te  8 .
Diagrammatic i l lu s t r a t io n  o f  th e  com plexity o f  h ya lin e  cytoplasm , 
in tergran u lar  v a cu o la tio n , cobweb v a cu o la tio n , d isplacem ent and 
sc a llo p in g  o f  nucleus in  b aso p h il c e l l s  o f  p itu ita r y  gland o f  
Gushing* s syndrome.
N -  n u cleu s; H -  foyaline cytoplasm ; C.V. -  cobweb vacu o la tio n ;  
G-.V, -  in tergran u lar vacu o la tion ; G -  normal b a sop h il gran u la tion s;  
X -  a b in u c le a te  h ya lin e  c e l l ;  Y -  a la r g e  c e l l  o f  type X cu t  
ta n g e n tia lly ;  n ote  what i s  seen  o f th e  sc a llo p e d  n u c le i .
Compare w ith  draw ings shew ing Severinghaus* s i n t e r p r e t a t i o n  o f  th e  
abnorm al b a s o p h i l - c e l l s  of C ushing’ s syndrome (s m a ll  diagram  on 
r i g h t ) ,  ta k en  from  Severinghaus (1938)* The fo llo w in g  i s  S e v e r in g h a u s 's  
d e s c r ip t io n
" F ig s . l6 ,  17 and 18, B aso p h ile s  from  th e  a n t e r io r  lo b e  o f an 
1 8 -y e a r -o ld  g i r l  w ith  Cushing syndrome. N ote b a s o p h i l ic ,  b u t  non- 
g ra n u la r  (h y a lin e )  cy toplasm  and p ro g re s s iv e  s t a t e s  in  th e  v a c u o la tio n  o r  
b l i s t e r i n g  o f  th e  n u c le u s . Only a  sm a ll p e rc e n ta g e  o f  norm al n u c le i  were 
p re s e n t  in  th e  b a so p h ile s  o f t h i s  advanced c a se . Form al f i x a t i o n . "
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Plate 8.
THE RELATIONSHIP OF THE MORBID 
PROCESSES OF ADRENAL VIRILISM AND 
CUSHING'S SYNDROME,
I t  has a lre a d y  been  s ta te d , th a t  in  a d re n a l v i r i l i s m  th e  p rim ary  
en d o crin e  ab n o rm a lity  i s  a d re n o -c o r t ic a l .  I t  appears th a t  from  a  l i k e  
a d re n a l l e s i o n  C ushing1 s syndrome may a r i s e .  I  b e l ie v e  th a t  th e  
d i f f e r e n c e  betw een th e  a d re n a l a b n o rm a lit ie s  o f v i r i l i s m  and o f  
C u sh in g 's  syndrome o f p rim ary  a d re n a l o r ig in  is  q u a n t i ta t iv e  and  n o t 
q u a l i t a t i v e .  I t  i s  c o n s id e re d  th a t  up to  a  c e r t a in  degree  a  p rim ary  
a d r e n o -c o r t ic a l  b y p e rfu n c tio n  a c ts  in d e p en d en tly  and produces th e  
c o n d it io n  o f  ad re n a l v i r i l i s m ,  and t h a t ,  beyond a  c e r t a in  th re s h o ld , 
a d re n a l hyp©37^ 1^ t i o n  induces a  com plem entary b a so p h il r e a c t io n ,  
r e s u l t i n g  in  C ushing’s syndrome. The ev idence f o r  t h i s  c o n te n tio n  
i s  as fo llo w s  : -
( l )  No q u a l i t a t iv e  d i s t i n c t i o n  has been s u b s ta n t ia te d  betw een th e  
a d r e n o - c o r t ic a l  ab n o rm ality  o f  b o th  c o n d itio n s  in  th e  fem ale . B ro s te r  
(1940) c la im s th a t  in  th e  male th e  ad ren a l g lands o f  C ush in g 's  syndrome 
do n o t show V ines' r e a c t io n .  T his has n o t been s u b s ta n t ia te d  and in  
c a se s  o f  C u sh in g 's  syndrome in  th e  fem ale th e  r e a c t io n  has sometimes 
been  r e p o r t e d  p o s i t i v e ,  sometimes n e g a tiv e  (C rooke, 1935)*
(2) E i th e r  a d r e n o -c o r t ic a l  h y p e rp la s ia  o r  tumour i s  th e  r u le  in  
C ush ing’ s syndrome. The a d re n a l tumour i s  a lm ost c e r t a in l y  a 
p rim ary  e n d o c rin e  a b n o rm a lity . Only in  a  m in o r ity  o f c a se s  can 
a d re n a l h y p e rp la s ia  be c o n s id e re d  a p o s s ib le  p rim ary  en d o crin e  
ab n o rm a lity . Thus ad ren a l h y p e rp la s ia  in  C u sh in g 's  syndrome is  
commonly a s s o c ia te d  w ith  a  b a so p h il adenoma, more r a r e ly  w ith  a 
thym ic tum our o r  no tumour anywhere. Thus Jonas (1935) in  a  rev iew  
o f 35 f a t a l  c a se s  quotes on ly  f iv e  cases  where th e re  was c la im ed  to  be
no tumour anywhere and in  two o f  th e se  c a se s  th e  p i t u i t a r y  g la n d  r e c e iv e d  
a  sc a n ty  exam ination . The b a so p h il adenoma is  a lm ost c e r t a in ly  a  
p rim ary  e n d o c rin e  ab n o rm a lity . The thym ic tumour may a lso  be p rim ary . 
Where th e r e  i s  no tum our anywhere, which i s  r a r e ,  i t  i s  no t c e r t a in  
w hether a d re n a l h y p e rfu n c tio n  o r  b a s o p h i l - c e l l  h y p e rfu n c tio n  is  p rim ary . 
A cco rd ing ly  one can say  w ith  c e r t a in ty  t h a t  C u sh in g 's  syndrom eis r a r e ly  
p roduced  by a  p rim ary  a d re n o -c o r t ic a l  h y p e rp la s ia .
(3) I t  i s  c e r t a in  th a t  p u re  ad ren a l v i r i l i s m  i s  commonly produced  
by a d r e n o - c o r t ic a l  h y p e rp la s ia . Thus B ro s te r  perfo rm ed  u n i l a t e r a l  
adrenalectom y on t h i r t y  th re e  case s  o f  m a sc u lin iz a tio n , many o f which 
showed f r a n k  a d re n o -c o r t ic a l  h y p e rp la s ia , and were more o r  l e s s  
co m p le te ly  r e s to r e d  to  norm al by th e  o p e ra tio n . B ro s te r  does no t 
d e s c r ib e  a  s in g le  case  o f  p u re  ad ren a l v i r i l i s m  a s s o c ia te d  w ith  adreno­
c o r t i c a l  tum our in  h is  c o l le c t io n  (B ro s te r  & V ines 1938).
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( 4 ) When we come to  d is c u s s  th e  p o s i t io n  o f  a d r e n o - c o r t ic a l  tum our 
th e re  is  an im m ediate d i f f i c u l t y .  Some have shown to  a  s t r i k i n g  
deg ree  th e  syndrome o f p u re  a d re n a l v i r i l i s m  w ith o u t o b e s i ty  and 
when exam ined in  th e  l i g h t  o f  Crooke' s work a t  au topsy  have n o t 
shown b a s o p h i l - c e l l  h y a l in iz a t io n  (C rooke, 1935; A nderson, H ain and 
P a t t e r s o n ,  1943). But s u b je c ts  w ith  a d re n a l tum our may d ie  e a r ly  in  
th e  c o u rse  o f  th e  d is e a s e  and though th e  m orbid  b a s is  o f C u sh in g 's  
syndrome may have developed , th e y  may n o t show th e  symptoms o f 
p i t u i t a r y  invo lvem en t. T h is  i s  d em onstra ted  by ny ca se  (Case I )  where 
th e  g ro ss  a l t e r a t i o n  o f  th e  b a s o p h il c e l l s  le a v e s  no doubt th a t  th e  
m orbid p ro c e s s  im p lie d  much more than  sim ple  v i r i l i s m .  W ithout 
a tte m p tin g  to  d is e n ta n g le  a  c o n fu s in g  l i t e r a t u r e  I  th in k  th a t  t h i s  
h o ld s  f o r  th e  m a jo r ity  of c a se s  o f a d re n o -c o r t ic a l  tumour in  th e  fem a le . 
Thus, i n  a d d i t io n  to  s ig n s  o f v i r i l i s m  K olodny 's  case  showed marked 
h y p e r te n s io n  (K61odiiy,1934) i f iv e  o ases  r e p o r te d  by W a lte rs , W ilder and 
K ep le r  (1934 ) showed some o r  a l l  o f  th e  fo llo w in g  s ig n s  -  h y p e rte n s io n , 
o b e s i ty ,  g ly c o s u r ia ,  p u r p l i s h  abdom inal s t r i a e ;  G -rae ff 's  ca se  showed 
o b e s i ty  and g ly c o s u r ia  (G ra e f , Bunim and R o tt in o , 193^) • acc o rd in g ly  
th e r e  i s  much to  in d ic a te  t h a t  a d r e n o - c o r t ic a l  tumour more commonly 
le a d s  to  the developm ent o f  C u sh in g 's  syndrome thach to  a  p u re  c o n d itio n  
o f  v i r i l i s m .
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(5 ) Scowen (1942) has r e c e n t ly  rev iew ed  th e  ev idence which shows
t h a t  th e  a d re n a l c o r te x  i s  th e  p r in c i p le  so u rce  o f  and ro g en ic  s u b s ta n c e s .
I t  has been  shown th a t  a d r e n o - c o r t ic a l  tumour is  a s s o c ia te d  w ith  a h ig h e r  
o u tp u t o f  d e r iv a t iv e s  o f  androgens in  th e  u r in e  th a n  a d r e n o - c o r t ic a l  
h y p e rp la s ia ,  though th e  low er f ig u r e s  f o r  th e  one o v e r la p  th e  
h ig h e r  f o r  th e  o th e r  (Crooke & C allow , 1939). Thus, in  so f a r
as an d ro g en ic  o u tp u t i s  concerned  th e re  i s  ev idence t h a t ,  as a  r u l e ,  
c o r t i c a l  tum ours have g r e a te r  a c t i v i t y  than  c o r t i c a l  h y p e rp la s ia .
(6 ) The a d re n a l c o r te x  has always been a s s o c ia te d  w ith  a  hormone 
e s s e n t i a l  f o r  l i f e .  T his fu n c tio n  is  now id e n t i f i e d  w ith  two 
a c t i v i t i e s  -  nam ely, th e  p ro d u c tio n  ( l )  o f  su b stan ces  hav ing  a  p o te n t  
e f f e c t  on membrane p e rm e a b il i ty ,  and hence on th e  d i s t r i b u t io n  of in o rg a n ic  
io n s  in  th e  body, and (2) o f  su b s tan ces  hav ing  an im p o rtan t e f f e c t  on 
c a rb o h y d ra te  m etabolism  (Scowen, 1942). How th o se  su b s tan ces  a c t
p h y sio  lo g ic  a l l y  i s  unknown, b u t from th e  ev idence in  th e  n e x t p a r t  
o f th e  th e s i s  i t  w i l l  be argued th a t  th ey  a c t  p a th o lo g ic a l ly  on ly  when 
th e r e  i s  c o rre sp o n d in g  re a c tio n s  in  b o th  th e  ad ren a l c o r te x  and th e  
b a s o p h il  c e l l s .  I n  sim ple ad re n a l v i r i l i s m  th e re  i s  no ev idence o f  any 
h y p e rfu n c tio n  o f th e  b a s o p h il  c e l l s  and  th e  e f f e c t s  o f a  p a th o lo g ic a l  
a c t i v i t y  o f  th o se  su b s tan ces  a re  n o t m a n ife s t.
From t h i s  ev idence I  base  my th e o ry  o f  the  in t e r - r e l a t i o n s h ip  o f  
th e  m orb id  p ro c e s se s  o f ad ren a l v i r i l i s m  and C ush ing’s syndrome. I t  
i s  as fo llo w s
A drenal v i r i l i s m  i s  th e  symptom o f  a  s im ple  h y p e rfu n c tio n  o f  th e  
a d re n a l c o r te x .  The e x c e s s iv e  p ro d u c tio n  o f  androgen ic  s u b s ta n c e s ,  a  
norm al p ro d u c t o f  th e  a d re n a l c o r te x ,  p rod u ces  th e  a l t e r a t i o n .  I t  i s  
p o s s ib le  th a t  o th e r  norm al p ro d u c ts  o f th e  a d re n a l c o r te x  a re  produced  
in  ex cess  s im u lta n e o u s ly , b u t  in  th e  p re se n c e  o f  a  norm al a n te r io r  
p i t u i t a r y  g land  th ey  are  p re v e n te d  from  having  any p a th o lo g ic a l  a c t io n .  
P rim ary  ad re n a l ty p e r fu n c tio n  above a  c e r t a in  h ig h  d e g re e , u s u a lly  th e  
r e s u l t  o f a d re n o -c o r t ic a l  tum our, p roduces a com plem entary h y p e rfu n c tio n  
o f  th e  b a s o p h il  c e l ls  o f  th e  hypophysis e q u iv a le n t to  th e  a c t i v i t y  o f  a  
b a s o p h il  adenoma. From th i s  ab no rm ality  th e  m u ltig la n d u la r  d is tu rb a n c e  
o f  C ushing’ s syndrome i s  p roduced  and, to  some e x te n t ,  th e  e f f e c t  o f 
o v e rp ro d u c tio n  o f androgens is  o b scu red  by o th e r  a b n o rm a lit ie s ,  e .g .  
th e  developm ent o f o b e s i ty .  E q u a lly  w e ll a  p rim ary  b a so p h il adenoma 
induces  a d re n o -c o r t ic a l  h y p e rfu n c tio n  and th e  e x c e ss iv e  p ro d u c tio n  o f  
androgens p la y s  i t s  p a r t  in  th e  m orbid p ro c e s s .  J u s t  as c e r t a i n  low er 
d eg rees  o f  a d re n a l ly p e r f  u n c tio n  e x e r t  on ly  a  /  p a th o lo g ic a l  o v e r a c t iv i ty  
o f  one fu n c t io n  (an d ro g en ic ) i t  i s  p o s s ib le  th a t  low deg rees  o f b a so p h il 
ly p e r fu n c t io n  may a c t  in d ep en d en tly  o f  th e  ad re n a l c o r te x  and p roduce 
c e r t a i n  s ig n s ,  e .g .  p o s s ib ly  o b e s i ty ,  ly p e r te n s io n .
I t  i s  c o n s id e re d  th a t  m ild  d eg rees o f th e  ab n o im ality  im p lic a te d  in  
"b aso p h ilism  w ith o u t tumour" account f o r  what B ro s te r  (1940) d e s c r ib e s  as 
t h a t  " la rg e  c l i n i c a l  group o f  h e f ty  h a iry  women who cannot be l a b e l le d  
C ush ing’s syndrome on th e  one hand o r  v i r i l i s m  on th e  o th e r ."
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Problems o f  A etio lo g y .
In  some c a s e s ,  as I  have a lready stated ., the morbid p rocess of 
adrenal v ir i l i s m  r e s t s  in  anomalies o f  development. .Apart from th is  
the u lt im a te  ca u sa tio n  o f both  adrenal v ir i l i s m  and C ushing's syndrome 
i s  obscure and is  la r g e ly  th e , as y e t in so lu b le , problem o f  tumour 
development* In  C ushing's syndrome th e primary a e t io lo g ic a l  fa c to r  
may be v a r io u s ly  -
(1 ) a  g e n e r a lise d  h yp erfm otion  o f the b a s o p h il - c e l l s ,  a b asoph il 
adenoma or carcinoma;
(2) a g en e r a lise d  hyperfunction  o f the adrenal c o r te x , c o r t ic a l  adenoma 
or carcinoma;
(3) a thymic tumour. In the endocrine glands the d is t in c t io n  between 
a fo c a l  l^yperplasia, perhaps s e l f  l im it in g  and of the nature o f  a 
p h y s io lo g ic a l p r o c e ss , and an adenoma, in  the sen se o f  an autonomous 
new growth having no regard to  p h y s io lo g ic a l needs, i s  not c le a r . I t  
i s  th ere fo re  tem pting to  consider th a t there i s  a p rogressiv e  connection  
between d if fu s e  h yp erp lasia , fo c a l h yp erp lasia , adenoma and carcinoma, and 
th a t a tumour, though we do not pretend  to  know what determ ines m alig­
nancy, i s  a  fu r th er  p rogression  o f the same fa c to r s  which determine 
h y p erp la sia . In the case o f Cushing’ s syndrome there i s  an immediate 
check to  such a tr a in  o f  thought, fo r  the c e l l s  o f the basoph il adenoma 
are e n t ir e ly  d if fe r e n t  from the b asoph il c e l l s  o f the gland proper*
Whereas the la t t e r  show h y a lin iz a t io n , the c e l l s  o f  the adenoma do n o t.
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Thus, th ey  have d if fe r e n t  m etabolic  a c t iv i t i e s  and we have to  accord  
to  the adenoma c e l l s  th a t in e x p lic a b le  autonomy common to  a l l  tumour 
c e l l s .  T his a lso  holds fo r  the a d ren o -co rtica l tumours. The 
presence o f  a m alignant adrenal tumour and h y p erp la stic  c o r t ic a l  t is s u e  
in  Gase I  i s  unique. Where there i s  an a d ren o -co rtica l tumour the 
u n a ffec ted  adrenal i s  o f  normal or sm all s iz e .  I  have already s ta te d  th d  
the h y p erp la stic  adrenals may have been produced by the same stim ulus  
(unknown) which r e s u lte d  in  the development o f  tumour in  the new growth. 
There may be another exp lan ation . In th is  cane the degree o f cy to ­
plasm ic h y a lin iz a t io n  o f the b asop h il c e l l s  i s  g rea ter  than has ever 
been recorded. I t  i s  p o s s ib le  that the c o r t ic a l  h yp erp lasia  is  
secondary to  th is  r e a c tio n . The fa c t  th at c o r t ic a l  hyperp lasia  i s  
n ot u su a lly  a sso c ia te d  w ith tumour su ggests  th a t the tumour a r ise s  
de novo in  a normal endocrine system .
Where there i s  a g en era lised  hyperfunction  o f a t is s u e  the problem  
i s  c le a r ly  d if fe r e n t  from th a t o f  tumour. One o f  the most important 
rea c tio n s  o f  puberty i s  the m aturation o f chromophobe c e l l s  to  basoph il 
c e l l s .  This i s  true fo r  the p igeon  (sch o o ley  and R id d le , 1953).
I t  a lso  appears to  be true fo r  the human su b jec t. A proper 
in v e s t ig a t io n  has y e t  to  be made. I  cou ld  f in d  no mature basoph il c e l l s  
in  th e  hypophyses from two s t i l lb o r n  in fa n ts , and only two or three sm all 
mature b asop h il c e l l s  in  any s e c t io n  o f the hypophyses from two ch ild ren  
aged 9 and 10 years r e s p e c t iv e ly . While in  the hypophysis of a c h ild  
o f  th ir te e n  they were numerous. Rrom "what has been sa id  o f the relation
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o f  the b aso p h il c e l l s  to  the adrenal co r te x  i t  i s ,  th e r e fo r e , probable  
th a t a t puberty a new balance i s  stru ck  between those t i s s u e s .  I t  i s  
probable th a t th is  may be a t tim es in  error. There i s  evidence to  
su g g est th a t i t  i s  freq u en tly  in  error , though tr a n s ie n t ly .  One o f  
the most common s ig n s  o f  ra p id ly  developing p itu ita r y  basophilism  i s  
th e  development of severe  f a c ia l  acne v u lg a r is . I t  i s  p o s s ib le  th a t  
the acne o f puberty has a s im ila r  b a s is .  E qually w e ll one sometimes 
n o t ic e s  th e  development a t puberty of o b e s ity , p a r t ic u la r ly  around the  
bu ttocks in  m ales, which p a sses  o f f  in  la t e r  y ea rs . To me th is  su g g ests  
a temporary maladjustment o f  b a s o p h il - c e ll  -  a d ren o -co rtica l r e la t io n s*
I t  i s  p o ss ib ly  from g rea ter  degrees o f  such maladjustment th a t basophilism  
w ithout tumour sp r in g s.
The p a rt o f  the thymic tumour in  basophilism  i s  s t i l l  sub ju d ice .
One has y e t  to  be removed in  th is  co n d itio n .
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S U M M A R Y .
1* A case  o f  ‘b a so p h ilism , u n a s s o c ia te d  w ith  hypophyseal, a d re n a l o r  
thym ic tumour and w ith o u t ad re n a l l^rpe rp l as;i-a, i s  d e sc r ib e d .
2 . I n  th e  a n t e r io r  p i t u i t a r y  th e  fo llo w in g  a b n o rm a lit ie s  a re  p re s e n t :
(a )  a  consp icu o u s deg ree  o f  b a s o p h i l - c e l l  S a l i n i z a t i o n ;
(b ) an  e x c e ss iv e  degree o f b a s o p h i l - c e l l  V acu o la tio n ;
(c )  m u l t i f o c a l  b a s o p h i l - c e l l  v a c u o la tio n  in  th e  in d iv id u a l  c e l l s  i s  
a s s o c ia te d  w ith  e x c e ss iv e  d isap p ea ran ce  o f g ra n u le s  and w ith  th e  
r e v e l a t i o n  of a  r e f r a c t i l e  cy to p lasm ic  envelope su rro u n d in g  th e  v acu o les  
(cobweb v a c u o la t io n ) ;
(d ) th e  n u c l e i  o f  th e  b a s o p h il  c e l l s  a re  norm al b u t in  many c e l l s  
cobweb v a c u o la tio n  i s  a s s o c ia te d  w ith  d isp lacem en t o f  th e  n u c le i  to  th e  
p e r ip h e ry  o f  th e  c e l l s  and w ith  com pression  and s c a llo p in g  o f  th e  n u c leu s  
by th e  v acu o le s ; b in u c le a te  b a s o p h il  c e l l s  a re  numerous;
(e )  th e  b a s o p h il  c e l l s  a re  in c re a s e d  in  s iz e .
( f )  th e  a c id o p h il  c e l l s  a re  g r e a t ly  red u ced  in  s i z e .
3 . These f in d in g s  a re  c o n tra s te d  w ith  th e  f in d in g s  in ,  (a )  two o th e r  
c a se s  o f b a so p h ilism , (b ) a  la rg e  s e r ie s  o f  hypophyses from non­
b aso p h ilism  c a se s  and (c )  o th e r  re c o rd e d  d e s c r ip t io n s  o f  th e  abnormal 
b a s o p h il  c e l l s  o f b a so p h ilism .
4 .  On th e  b a s is  o f th e  ev idence g a th e re d , i t  i s  p o in te d  o u t th a t :
(a )  th e  a b n o rm a lit ie s  o f s i z e  and v a c u o la tio n  found in  th e  chrom ophil 
c e l l s  a r e :
( i )  in co n sta n t in  b asop h ilism , ( i i )  not a s so c ia te d  w ith  ax\y p a r t ic u la r  
p a th o lo g ic a l type o f  basophilism ;
(b) the cobweb vacu o la tion  and n u clear sc a llo p in g  in  the b a so p h il c e l l s  
i s  s im ila r  to  what Severinghaus and oth ers have in terp re ted  as nuclear  
* b l i s t e r in g .  *
5# I t  i s  su ggested  th at the abnorm alities o f s iz e  and v a cu o la tio n  in  
th e chromophii c e l l s  rep resen t a phase o f rea c tio n  to  hypogonadism, and 
are on ly  o f  secondary importance in  the morbid process o f b asoph ilism .
6 . The c o r r e la t io n  between the d if fe r e n t  p a th o lo g ica l types o f  
b asoph ilism  i s  b r ie f ly  d iscussed .
7 . I t  i s  con sid ered  that, b a s o p h il - c e ll  ty p e r a c t iv it j  i s  the e s s e n t ia l  
abnorm ality o f  Cushing’ s syndrome, and th a t b a s o p h il - c e ll  l^ ra lin iza tio n  
i s  a  cytop lasm ic change r e s u lt in g  from h y p e r a c tiv ity .
8 . The r e la t io n s h ip  o f the morbid processes of adrenal v ir i l i s m  and 
p itu ita r y  b asoph ilism  i s  d iscu ssed .
STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE
HYPOPHYSIS AND THE ADRENAL CORTEX.
P A R T  F O U R .
SOME OBSERVATIONS ON ADDISON’S DISEASE.
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P A R T  F O U R .
SOME OBSERVATIONS ON ADDISON'S DISEASE.
In tro d u ctio n .
Crooke & R u s s e l l  (1935) have shown th a t  th e  c l a s s i c a l  
syndrome o f  A d d iso n 's  d is e a s e ,  w hether due to  tu b e rc u lo s is  o r a  
d e s t r u c t iv e  a tro p h y  o f  th e  ad ren a l c o r te x ,  is  accom panied by d im in u tio n  
o f  th e  b a s o p h il  c e l l s  o f  th e  a n te r io r  p i t u i t a r y  g la n d . I t  i s  iqy 
p u rp o se  t o  d e s c r ib e  th e  p i t u i t a r y  g lands from  f iv e  oases  o f  A d d iso n 's  
d is e a s e .  The f in d in g s  o f Crooke & R u s s e l l  a re  v e r i f i e d .  I n  a d d i t io n  
I  s h a l l  d e s c r ib e  a  case  o f  e x c e p tio n a l i n t e r e s t  in  w hich, a lth o u g h  th e re  
was gross d e s tru c t io n  o f  th e  ad re n a l g la n d s  o f  long  s ta n d in g , th e  
b a s o p h il  c e l l s  o f  th e  hypophysis were n o t d im in ish ed  n o r was the  
c o n d it io n  h e i r  to  th e  syndrome o f  A d d iso n 's  d is e a s e .
THE PITUITARY GLAND IK ADDISON'S DISEASE.
M a te r ia l .
S e r i a l  s e c t io n s  of th e  p i t u i t a r y  g lan d s from  f iv e  c a se s  o f  
A d d iso n 's  d is e a s e  were examined by th e  methods d e sc r ib e d  in  p a r t  I ,
p a r t i c u l a r l y  u s in g  th e  s ta in in g  tech n iq u es  1A and 2A. The f iv e
ca se s  a l l  showed th e  c l a s s i c a l  syndrome o f a s th e n ia ,  p ig m e n ta tio n , 
h y p o to n ia , ( th e  s y s t o l i c  b lo o d  p re s s u re  b e in g  l e s s  th a n  80 mm.Hg. 
i n  a l l  c a s e s ) ,  lo s s  o f a p p e t i te  and g a s t r o - i n t e s t i n a l  u p s e t .  Two
were m ales aged 34 y e a rs  and 42 y e a r s ,  w ith  b i l a t e r a l  a d re n a l
tu b e rc u lo s is .  The o th e r s ,  a  fem ale o f  37 y e a rs  and m ales o f  33 y e a rs  
and 36 y e a r s ,  were a l l  case s  o f  ad re n a l a t ro p ty ,  th e  a d re n a l g lan d s 
b e in g  re d u c e d  to  m inute s t r u c tu r e s  in  a l l  c a s e s .  Some had  been 
t r e a t e d  w ith  c o r t i c a l  p re p a ra t io n s  and h ig h  s a l t  d i e t ,  the  lo n g e s t  
p e r io d  o f  tre a tm e n t b e ing  one y e a r .  A summary o f  th e  c l i n i c a l  and 
post-m ortem  f in d in g s  i s  p ro v id e d  in  an Appendix.
The f in d in g s  in  th e  p i t u i t a r y  g lan d s were e s s e n t i a l ly  s im i la r  
i n  a l l  c a s e s .  The g lands were a l l  w ith in  norm al l i m i t s  o f  s iz e  
and none ap peared  sm a ll.
G ross s t r u c t u r e . No a b n o rm a lity  o f  g ro ss  s t r u c tu r e  i s  p r e s e n t .
There i s  no i n t e r s t i t i a l  f i b r o s i s .
A n te r io r  lo b e .
R e la t iv e  p ro p o r t io n  o f  d i f f e r e n t  c e l l  ty p e s :
(a )  B aso p h il c e l l s .  When exam ined by methods 1A. and I I I  a  s t r i k i n g  
p a u c i ty  o f  b a s o p h il  c e l l s  i s  n o te d . No a re a s  r i c h  in  b a s o p h il  c e l l s  
a re  v i s i b l e  to  th e  naked eye in  s e c t io n s  from  any le v e l .  M icro­
s c o p ic a l ly  o n ly  a  few  s c a t t e r e d  c e l l s  o r  sm all c lu s t e r s  o f te n  to  
tw enty  c e l l s  a re  seen . The r e l a t i v e  p ro p o r t io n  o f b a s o p h il  c e l l s  
xin  a l l  caseSj i s  Judged to  be in  th e  re g io n  o f  a  few  thousand ths  o f  
th e  t o t a l  c e l l  coun t, ( s e e  f i g .  1 , p ag e lS o ).
(k ) A c id o p h il c e l l s .
As com pared w ith  th e  g lands o f  th e  c o n tro l  s e r i e s  ( t h i s  t h e s i s ,  
p a r t  I I I ) , exam ined by method IB , a  re d u c t io n  o f  a c id o p h il c e l l s  i s  
p r e s e n t  in  fo u r  c a se s . I n  th re e  th e  re d u c t io n  i s  s l i g h t  and is  Judged 
to  be l i t t l e  beyond th e  low er l im i t s  o f norm al. In  one c a se  ( c a s e  2) 
th e  r e d u c t io n  i s  o f g r e a te r  degree  and th e  r e l a t i v e  p ro p o r tio n  o f  
a c id o p h il  c e l l s  i s  Judged to  be in  th e  re g io n  o f 5 to  10^. I n  one 
ca se  (c a s e  5) no re d u c tio n  i s  e v id e n t. No a n a ly s is  by R asm ussen 's 
method has been c a r r i e d  o u t ,  b u t i t  i s  c e r t a in  th a t  th e  r e d u c t io n ,  when 
p r e s e n t ,  i s  s l i g h t  compared w ith  th e  g ro ss  re d u c t io n  o f b a so p h il c e l l s .
(c )  Chromophobe c e l l s .
The d e p le t io n  o f  m ature chrom ophil c e l l s  i s  accoun ted  f o r  by an 
in c re a s e  o f chromophobe c e l l s .  These c e l l s  c o n s t i tu te  betw een 80$ 
and 90fo o f th e  t o t a l  in  a l l  c a s e s . The m a jo r ity  a re  o f th e  sm a ll 
ty p e  found  n o rm ally . A sm a ll p ro p o r tio n , Judged to  be betw een 2*b 
to  a re  abnorm ally  la rg e  form s ( l 6 to  ) .
C e l l  c h a r a c te r s .
(a )  B aso p h il c e l l s .
T h e ir  s iz e  i s  w ith in  normal l im it s .  An o cca sio n a l la rg e  form 
(24  to  28 o{ ) , is  p resen t, but sm aller  forms (14  iA ) predom inate.
Some o f th e  c e l l s  have a  shrunken  appearance and th e  g ra n u le s , though 
s t a in in g  d e e p ly , a re  sm all and have an a n g u la r  appearance. They appear 
to  co rresp o n d  to  th e  b a so p h il c e l l s  found  in  th e  p i t u i t a r y  g lan d s o f  
c h i ld r e n  w hich  I  have exam ined. N u c lea r p y k n o sis  i s  p re s e n t  in  a 
few  c e l l s  and a l l  s ta g e s  to  th e  com ple te ly  d eg en e ra te  a g g lu t in a t  ion 
c e l l  ( s e e  t h i s  t h e s i s ,  p a r t  I )  a re  seen . E vidence o f  c e l l  d e a th  i s  
n o t a  prom inen t f e a tu r e  and th e  m a jo r ity  o f b a so p h il c e l l s  have norm al 
n u c le a r  and g ra n u la r  c h a r a c te r s .
(b ) A c id o p h il c e l l s .
The a c id o p h il  c e l l s  show no ab n o rm a lity .
( c ) Chromophobe c e l l s .
The chromophobe c e l l s  were s tu d ie d  p r in c ip a l ly  w ith  method lA  a t  
a  s ta g e  o f d i f f e r e n t i a t i o n  wheee m ature f i  g ra n u le s  a re  b r ig h t  r e d
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( a c id  f u c h s in ) , a c id o p h il  c e l l s  and chromophobe c e l l s  a re  ye llow  
(p ic ro -o ra n g e ) , and th e  strom a i s  b lu e  ( a n i l i n e  b lu e ) .  The la rg e  
chromophobe c e l l s  show a  p a le  b lu e  spongioplasm . Some a re  h ig h ly  
v a c u o la te d . I n  many, f in e  g ran u le s  a re  deve lo p in g  from  th e  spongioplasm  
in  i r r e g u l a r  a re a s .  Some o f  tn o se  g ran u le s  a re  s ta in e d  b lu e , o th e rs  a re
f a i n t  to  deep re d . Those c e l l s  a re  c o n s id e re d  to  be immature b a so p h il
c e l l s .  The sm a ll chromophobe c e l l s  show no a b n o rm a lity . The n u c le i  
o f  th e  la rg e  chromophobe c e l l s  a re  norm al.
f
P a rs  in te rm e d ia .
The p a r s  in te rm e d ia  shows no ab n o rm a lity .
P o s te r io r  Lobe.
In  th re e  o f th e  g lands th e  re d u c t io n  o f  w andering b a so p h il c e l l s  
i s  so extrem e th a t  they  a re  r a r e l y  en coun tered . I n  ca se  I  on ly  one 
c l u s t e r  o f f iv e  c e l l s  i s  p re s e n t  in  f o r ty  s e c t io n s  ta k en  from  a l l  
l e v e l s .  In  two o f th e  g lands (c a s e s  4  and 5) th e  w andering c e l l s  
a re  n o t numerous b u t a re  w ith in  norm al l i m i t s .  The m a jo r ity  o f  th e  
w andering  c e l l s  show no ab n o rm a lity . In  c a se  3 s- few la rg e  chromophobes 
a re  p r e s e n t .  I n  c a se  4 th e  g ra n u le s  a re  sm a ll and th e  c e l l s  have a 
shrunken  appearance.
The f in d in g s  in  th e  f iv e  c a se s  v e r i f y  Grooke & R u s s e l l 's  
d e s c r ip t io n  o f  th e  p i t u i t a r y  g land  in  A dd ison 's  d is e a s e . The 
g la n d  is  o f  norm al s i z e ,  "The chromophobe c e l l s  a re  in c re a s e d  in  
number, and a  v a r ia b le  p ro p o r tio n  o f  e x c e p tio n a lly  la r g e  exam ples 
i s  p r e s e n t .  The a c id o p h il  c e l l s  a re  red u ced  b u t seldom  co n sp icu o u s ly . 
C o n s tan t f e a tu r e s  a re  th e  extrem e re d u c t io n  o f th e  b a so p h il c e l l s  -  
"somewhere betw een o n e - f i f t i e t h  and one f iv e -h u n d re d th  o f  th e  average
n o r m a l "  " and th e  p resen ce  o f  a  s e r i e s  of abnormal b a so p h il
t r a n s i t i o n a l  c e l l s . "  "The re d u c tio n  in  number o f  th e  b a so p h il c e l l s  
in  th e  a n t e r io r  lo b e  o f the  p i t u i t a r y  i s  co n s id e re d  to  be a  c o n s ta n t  
change , and  th e  most s ig n i f i c a n t  change in  th e  o th e r  d u c t le s s  g lands 
fo llo w in g  d e s t r u c t io n  o f th e  s u p ra - r e n a l  c o r te x  in  Addison* s D is e a s e ." 
Grooke & R u s s e ll  examined a  s e r i e s  o f 12 c a s e s , and in  5 a p p lie d  the  
d i f f e r e n t i a l  co u n tin g  methods o f Rasmussen (Crooke & R u s s e ll ,  1935)•
The g ro ss  r e d u c t io n  o f  m ature b a so p h il  c e l l s  in  my c a ses  i s  a  s t r i k i n g  
f e a t u r e .  No such  r e d u c t io n  i s  p re s e n t  in  o th e r  c a se s  o f th e  c o n t ro l  
s e r i e s ,  w hich in c lu d e s  ca se s  where th e re  i s  a b la t io n  of an endocrine  
g la n d  -  one ca se  o f alm ost t o t a l  o b l i t e r a t i o n  o f  th e  th y ro id  by 
a m y lo id o s is , one case  o f a  p o ly c y s t ic  p an c reas  w ith  t o t a l  absence o f  
i s l e t s .
While th e  m a jo r ity  o f  o b se rv e rs  re a c h  s im ila r  co n c lu sio n s  to  Crooke 
& R u s s e l l  th e re  a re  some e x c e p tio n s . The d i s t r i b u t io n  o f b a so p h il
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c e l l s  in  th e  a n t e r io r  p i t u i t a r y  i s  so v a r ia b le  th a t  one r e q u ir e s  
s e r i a l  s e c t io n s ,  p r e f e r a b ly  on th e  h o r iz o n ta l  p la n e , and s p e c i f i c  
s t a in in g  b e fo re  any s ta te m e n t about r e l a t i v e  p ro p o r tio n s  can  be 
made. A ll d is c re p a n t  r e s u l t s  a re  doub ted  on th e  grounds o f 
in a d e q u a te  te c h n ic a l  exam ination  save one (Grooke & R u s s e l l ,  1935; 
Rasm ussen, 193&)• T h is c a s e ,  d e sc r ib e d  by S everinghaus (1 9 3 6 ), was 
o f  a  woman dying a t  th e  age of 6 l ,  w ith  c l a s s i c a l  symptoms o f  A d d iso n 's  
d is e a s e  o v e r a  p e r io d  o f  2 y e a rs  and a  t o t a l  i l l n e s s  o f 4 y e a rs  d u ra tio n . 
The d is e a s e  was w e ll  c o n t ro l le d  by s a l t ,  th e  b lo o d  p re s s u re  b e in g  main­
t a in e d  a t  136/80 mm.Hg. The f i n a l  acu te  m a n ife s ta t io n s  l a s t e d  on ly  
11 days. At au to p sy  an abnorm ally  h ig h  b a s o p h i l - c e l l  coun t (25po) was 
found  in  th e  a n t e r io r  p i t u i t a r y  g la n d . The r e s u l t  has been v e r i f i e d  
by Rasm ussen (1936 ). S everinghaus concludes th a t  in  A d d iso n 's  d is e a s e  
d e s t r u c t io n  o f th e  a d re n a l c o r te x  le a d s  to  d isap p ea ran ce  o f m ature 
b a s o p h il  c e l l s  from  th e  hypophysis, b u t th e re  may be t r a n s i e n t  p e r io d s  
o f  a c t iv e  r e g e n e ra t io n  o f b a so p h il c e l l s  and he e x p la in s  h is  c u r io u s  
r e s u l t  by d e a th  ta k in g  p la c e  a t  one o f th e se  f o r tu i to u s  p e r io d s .
W hile e x p e rim en ta l ev idence  was n o t a t  f i r s t  in  agreem ent w ith  such  
a  h y p o th e s is  t h i s  was p ro b ab ly  due to  te c h n ic a l  d i f f i c u l t y  in  exam ining 
th e  f r e s h  anim al hypophysis. G-rollman and F i r o r  (1935) now r e p o r t  a  
s t r i k i n g  d e c re a se , up to  t o t a l  absence o f  mature b a so p ii il  c e l l s  in  th e  
hypophysis o f  a d ren a lec to m ised  dogs.
Grooke & R u s se ll d iv id e  the large  chromophobes in to  d if fe r e n t  
typ es o f abnormal b asoph il tr a n s it io n a l c e l l s  according to  d if fe r e n t
s ta in in g  r e a c t io n s . I  do not con sid er  th a t th e ir  ra th er  e la b o ra te  
d e t a i l  i s  j u s t i f i e d  from th e exam ination o f  gLands from autopsy- 
m ateria l and I  do not con sid er  th a t th e ir  s ta in in g  technique i s  
s u f f i c i e n t l y  c o n tr o lla b le  to  a llow  o f the various d is t in c t io n s  made.
I  a g re e  w ith  them , how ever, th a t  they r e p r e s e n t  t r a n s i t i o n a l  b a so p h il 
c e l l s .  Grooke & R u s s e l l  d e sc r ib e  them as b e in g  abnormal in  th a t  th e y  
d id  n o t e n c o u n te r  them in  norm al g lands and r a r e l y  in  g lands from  
r o u t in e  a u to p s ie s .  I n  my c o n t ro l  s e r i e s  a  few o f th o se  c e l l s  have been 
seen  i n  alm ost a l l  g lands from  s u b je c ts  over f o r ty .  In a  few g la n d s , 
no doubt abnorm al# , they  appear to  be a lm ost as numerous as in  A dd iso n 's  
d is e a s e .  S everinghaus (1938) has p roduced  much ev idence  to  show th a t  
in  th e  a n t e r io r  p i t u i t a r y  g la n d  th e re  ace chroraophobe/chrom ophil c y c le s .  
Though th e re  i s  some ev idence o f  t r u e  d e g e n e ra tio n  o f  b a s o p h il  c e l l s ,  
i n  th e  sen se  o f a  i->rocess t o  c e l l  d e a th , in  A d d iso n 's  d isea se ; t h i s  
was inconsp icuous in  my s e r i e s .  Grooke & R u s s e l l  s t a t e  t h a t  "a  
c o n s id e ra b le  number o f th e  b a s o p h il  c e l l s  have p y k n o tic  n u c l e i . "
I  c o n s id e r  t h a t  th e  main p ro c e s s  a t  work in  A dd iso n 's  d is e a s e  i s  an 
a r r e s t  o f th e  norm al p ro c e ss  o f  m a tu ra tio n  o f  p  g ra n u le s .
I n  t h e i r  c a se s  o f  A ddison’ s d is e a se  Grooke &. R u s s e ll  found  no 
change i n  th e  w andering c e l l s ,  save in  two c a se s  where th e re  were 
v e ry  m inor a l t e r a t i o n s ; a  few abnormal b a s o p h il  t r a n s i t i o n a l  c e l l s  
i n  one, a b n o m a lly  p a le  b a s o p h il  c e l l s  in  a n o th e r . Kraus (1927) and  
o th e rs  have re c o rd e d  a  re d u c t io n  co rrespond ing  to  th a t  in  th e  a n te r io r  
lo b e  in  some c a s e s , in  th ree  d f  my f iv e  c a se s  th e re  i s  no doubt t h a t  th e
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wandering c e l l s  are reduced. I t  is  con sid ered  probable th a t in  
a l l  c a se s  o f  Addison’ s d ise a se  there i s  a decrease o f  b a so p h il c e l l s  
in  the p o s te r io r  lo b e , though th is  i s  much slow er in  developinent than 
in  the a n ter io r  lo b e , and, due to  the extreme normal v a r ia tio n  in  
wandering c e l l s ,  i t  i s  on ly  in  advanced ca ses  th a t decrease can be 
made ou t.
Grooke & R u s s e l l  b e l ie v e  t h a t  th e  d e p le t io n  o f m ature b a so p h il 
c e l l s  in  th e  p i t u i t a r y  g lan d  o f A ddison’ s d is e a s e  i s  always secondary  
to  th e  a d re n a l l e s i o n  s in c e  th e  a d re n a l a tro p h y  i s  o f  a  d e s t r u c t iv e  
c h a ra c te r  as opposed to  th e  s im p le  a t ro p ty  o f Simmonds’ s d is e a s e ,  
w h ile  th e  tu b e rc u lo s is  le s io n  o f th e  a d re n a ls  i s  d o u b tle s s  tfts p rim ary .
The a d re n a l a tro p h y  o f  A ddison’ s d is e a s e  appears  to  be th e  r e s u l t  
o f  th e  o rg an ia  a t io n  o f  an a c u te  n e c t r o t i s in g  p ro c e s s . I n  th e  e a r l i e s t  
s ta g e s  a re a s  o f  c o r t i c a l  c e l l s  a re  seen  to  have d isa p p e a re d  and th e  
r e s u l t i n g  spaces a re  occup ied  by round  c e l l s  and m acrophages, w h ile  
th e r e  i s  g e n e ra l is e d  v a s c u la r  engorgem ent. A ll s ta g e s  can  be 
t r a c e d  from  t h i s  s ta g e  to  th e  shrunken  f i b r o t i c  mass en c lo s in g  
d i s jo i n te d  rem nan^ts o f  th e  s u rv iv in g  t i s s u e  (Grooke & R u s s e l l ,  1935). 
The a tro p h ic  a d re n a l g lands in  ny c o n t ro l  s e r i e s  o f  A d d iso n 's  d is e a s e  
show in  2 case s  th e  l a t e  s ta g e ,  in  th e  t h i r d ,  (c a s e  1 ) ,  i t  i s  a t  a  
su b a c u te  s ta g e .  I n  a l l  th e se  c a se s  th e  m edu lla  i s  red u ced  as w e ll  
as  th e  c o r te x  and i s  in v o lv ed  in  th e  o rg a n iz in g  p ro c e s s . In  c a se  1 
th e  l e f t  a d re n a l i s  red u ced  to  a  m inute s t r u c t u r e ^ l ,4  cms. x 1 mm., and 
c o n s i s t s  of m inu te  i r r e g u l a r  i s l e t s  o f a d re n a l t i s s u e  ( c o r t i c a l  and
(m edullary) sep arated  by v a scu la r  nodes o f round c e l l s  h e ld  by a d e l ic a te  
stroma. The r ig h t  adrenal i s  rep resen ted  by an area o f  th in -w a lled  
b lood  spaces c u ffe d  by round c e l l s .  Adrenal t is s u e  i s  con fid ed  to  a 
few  m icroscop ic c o l le c t io n s  o f h ig h ly  vacu olated  e p i t h e l ia l  c e l l s .  In  
the o th er ca ses  d estru ctio n  o f  the adrenal m edulla i s  o f  l e s s  degree 
than  o f th e co r te x .
The a e t io lo g y  o f  the primary n e c r o s is  which lea d s  to  the s o -c a l le d  
adrenal "atrophy" o f  A ddison's d isea se  i s  unknown. But, in  view  o f th e  
d e s tr u c tiv e  nature o f the con d ition  and th e involvement to  some extent 
o f  the adrenal m edulla, I consider that a vascu lar  le s io n  i s  probably 
th e  b a s is  of the c o n d itio n , and that the co n d itio n  i s  the r e s u lt  of 
su rv iv a l a f t e r  the u su a lly  f a t a l  catastrophe of "haemorrhage in to  
the ad ren als."  A vascu lar  le s io n  in  a main adrenal v e s s e l ,  such as 
embolism or throm bosis, would seem u n lik e ly  s in ce  t -o  le s io n  is  b i la t e r a l .  
While b i la t e r a l  thrombosis o f the ce n tr a l medullary v e in  would produce 
t h is  type o f  le s io n  a s p e c ia l fa c to r , p ecu lia r  to  the adrenals, would 
req u ire  to  operate fo r  the con d ition  occurs in  an age group not 
a sso c ia te d  w ith primary vascu lar degeneration. R e la t iv e ly  la rg e  s iz e  
and great muscular content are prominent fea tu res  o f the cen tra l v e in  
o f  th e adrenal m edulla and, no doubt, i t  p la y s an important part in  the  
r e g u la tio n  o f the b lood  supply o f the organ. I t  i s  considered  p o s s ib le  
th at "haemorrhage in to  the adrenals" i s  produced by b i la t e r a l  spasm of  
the adrenal v e in s  due to  an aberration  o f some normal p h y sio lo g ic a l  
mechanism, and that the adrenal atrophy o f Addison* s d isea se  i s  the  
end r e s u lt  o f  a corresponding le s io n  o f  le s s  degree.
Such a  mechanism w ould r e s u l t  co n ce iv ab ly  in  g r e a te r  d e s t ru c t io n  
o f  th e  more v a s c u la r  c o r te x  than, o f  th e  m edu lla , which w ould ag ree  
w ith  t h e  m orbid an a to m ica l f in d in g s .  A ccord ing ly  from  th e  ex am in atio n  
o f  th e  ca se s  and on g e n e ra l grounds I ag ree  w ith  Grooke & R u s s e l l  th a t  
th e  a d re n a l a tro p h y  o f  A ddison’s d is e a s e  i s  a  p rim ary  ab n o rm a lity .
B a rk e r  (1929) r e p o r te d  a  type o f a tro p h y  where th e  m edu lla  was 
norm al and th e  c o r te x  was red u ced  to  a  narrow  s t r i p .  T h is  i s  a 
c o n te n tio n  in  i t s e l f  d i f f i c u l t  to  p rove s in c e  i s l e t s  o f c o r t i c a l  
t i s s u e  a re  f r e q u e n t ly  p re s e n t  in  th e  m edu lla . Were such a  c o n d itio n  
to  be s u b s ta n t i a te d  a  v a s c u la r  a c c id e n t would n o t be c l e a r ly  ad m iss ib le  
a s  th e  a e t io lo g i c a l  f a c to r  and i t  su g g e s ts  th e  s e le c t iv e  a c t io n  o f 
some agent on the  c o r te x . Dunn and h is  co-w orkers have r e c e n t ly  
shown t h a t  a l lo x a n , a  s im ple  co n d en sa tio n  p ro d u c t o f  u re a , when 
e x h ib i te d  in  anima l s  le a d s  to  a  s e le c t iv e  n e c ro s is  o f th e  i s l e t s  
o f  L an g erh an s, which le a v e s  a  minimum o f  s c l e r o s i s  when th e  dead i s l e t  
t i s s u e  i s  abso rb ed  (Dunn, M cLetchie & Sheehan, 1943? Dunn and M cLetchie 
1943) • I t  rem ains to  be seen  w hether f u r th e r  ex p e rim e n ta tio n  w i l l  show 
t h a t  such  a  mechanism c o u ld  o p e ra te  n a tu r a l ly ,  b u t the  o b s e rv a tio n  
opens new f i e l d s  i n  th e  problem  o f  th e  d eg e n e ra tio n  o f h ig h ly  sp ec­
i a l i s e d  t i s s u e s  to  w hich the  a d je c t iv e  " to x ic "  was so f re q u e n tly  
app lied*  A com parable mechanism would be conceived  to  o p e ra te  in  
c a s e s  w here th e re  i s  a  s e le c t iv e  a trophy  o f th e  ad re n a l c o r te x  w ith  
m inim al s c l e r o s i s  though, e q u a lly  w e ll ,  a  p rim ary  a s s a u l t  on th e  
b a s o p h il  c e l l s  o f  th e  hypophysis would le a d  to  a  s im i la r  r e s u l t .
The p resen t evidence favours a primary d estru ctio n  o f  the a d ren a ls , 
the r e s u l t  o f  a  vascu lar a cc id en t, as th e  most l i k e ly  and common mode 
o f  production  o f the atrophy o f Addison’ s d ise a se .
The "basophil c e l l s  of the p itu ita r y  gland are m a n ife s tly  o f great  
importance and th ere can be l i t t l e  doubt th a t th e ir  gross d ep le tio n  
c o n s t itu te s  an im portant fa c to r  in  the morbid p rocess of A ddison's  
d is e a s e . I t  i s  con sid ered  th a t th is  view  w i l l  be even more 
j u s t i f i e d  from th e sp ecu la tio n s e n ta ile d  by th e n ext case to be 
d escrib ed .
A d e sc r ip tio n  is  g iven  o f  the p itu ita r y  gland  in  f i v e  cases
to
o f  A ddison’ s d ise a se . The Addison’ s d isea se  was d u e /e ith e r
tu b e r c u lo s is  or a d e s tr u c tiv e  atrophy o f  the adrenal g lands.
C onstant fe a tu r e s  are the gross red u ction  o f  the b asoph il c e l l s  
and th e  p resence o f numerous b asoph il t r a n s it io n a l c e l l s .  The 
a c id o p h ils  may be reduced but not con sp icu ou sly . The chromophobe 
c e l l s  are in creased  in  number. I t  i s  considered  that the b a so p h il­
c e l l  d e p le t io n  i s  due to  an a rre st of the normal process o f  m aturation  
o f  g ran u les . I t  i s  con sid ered  th a t th e  b a s o p h il - c e ll  r e a c tio n  i s  
secondary to  the adrenal d e stru c tio n  in  a l l  o a se s . The main fin d in g s  
are in  agreement w ith  th e  c la s s ic a l  d escr ip tio n  o f Crooke & R u s s e ll .
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C A S E  6,
THE REPORT OF A GASE OF ADRENAL INSUFFICIENT 
ASSOCIATED 7/1TH AN" ABNORMALLY HIGH PROPORTION 
OF BASOPHIL CELLS IN THE ANTERIOR PITUITARY GLAND.
The case  to  be d e sc r ib e d  i s  of' a  woman,aged 64  y e a r s ,  showing 
no s ig n s  r e f e r r a b l e  to  A dd iso n 's  d is e a s e ,  save m ild  p ig m en ta tio n  o f  
th e  f a c e ,  who d ie d  d u ring  an a t ta c k  o f d ia r rh o e a  and vom iting  which 
fo llo w e d  th e  i n j e c t i o n  o f  ty p h o id  v a c c in e . Post-m ortem  exam ination  
r e v e a le d  a d re n a l d e s t ru c t io n  o f a  degree and c h ro n ic i ty  as g re a t  o r 
g r e a te r  th a n  th a t  commonly d e sc r ib e d  in  c l a s s i c a l  A dd iso n 's  d is e a s e . 
The en d o c rin e  f a c t o r  p re v e n tin g  th e  development of A dd ison 's  d is e a s e  
ap p ea red  to  r e s t  w ith  th e  a n te r io r  p i t u i t a r y  g la n d . In  c o n t r a s t  to  
th e  f in d in g s  i n  A dd ison 's  d is e a s e  o f  b a s o p h i l - c e l l  d e p le t io n ,  th e  
p ro p o r tio n  o f  m ature b a s o p h il  c e l l s  in  th e  a n t e r io r  p i t u i t a r y  g la n d  
was beyond th e  upper l i m i t s  o f  norm al.
175
8  A S £  6 .
Case H is to ry .
The p a t i e n t ,  a  m u ltip a ra  aged 6 4 , had , up to  h e r  f a t a l  i l l n e s s ,  
l e d  a  very  a c t iv e  l i f e  and  en joyed  good h e a l th .  She had had no
s e r io u s  i l l n e s s e s  and h e r  w eigh t had rem ained  c o n s ta n t  f o r  mary 
y e a r s .
She was a d m itte d  to  th e  W estern In f irm a ry , Glasgow, f o r  tre a tm e n t 
f o r  rh eu m a to id  a r t h r i t i s ,  under Dr. Douglas Adams. She com plained  o f  
j o i n t  p a in s  w ith  sw e llin g  and s t i f f n e s s  o f  jo i n t s  over a  p e r iu d  o f  fo u r  
m onths. The p a in ,  o f  a  b u rn in g  c h a r a c te r ,  a f f e c te d  one jo i n t  a t  a  
t im e , most f r e q u e n t ly  th e  w r is t  and in te rp h a la n g e a l  j o i n t ,  b u t a t  some 
tim e m ost o f  th e  sma l l  j o i n t s  of th e  body had been a f f e c te d .  The 
p a in ,  accom panied by s t i f f n e s s  and, som etim es, s l i g h t  s w e llin g  o f  th e  
j o i n t ,  was b ro u g h t on by movement, e s p e c ia l ly  k n i t t in g .  The p a t i e n t  
had  no o th e r  co m p la in ts . Her a p p e t i te  was good and th e re  was no 
h i s to i y  of a s th e n ia  o r  g a s t r o - in t e s t i n a l  u p se t
G en era l E xam ination . The p a t i e n t  was w e ll n o u rish e d . Her fa c e  
was r a t h e r  p a le .  There was no cy an o sis  o r  oedema. The w r is t  
j o i n t s  showed s w e llin g  and s l i g h t  l im i ta t io n s  o f  movement. A few 
h a rd  subcu taneous nodules w ere p re s e n t  on th e  f le x o r  su r fa c e s  o f th e  
.w r is ts .  The b lo o d  p re s s u re  was 160/95 mm.Hg. The e ry th ro c y te  
s e d im e n ta tio n  r a t e  was 28 mm in  one hour (W este rg reen ). The Was se m a n  
r e a c t io n  was n e g a t iv e . No o th e r  ab n o rm a lity  was n o te d . The p a t i e n t  
was g iv en  in tra m u sc u la r  p r o te in  shocks on 4 o ccasio n s  (T.A .B , v a c c in e ;
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2 5 , 50 , 100 and 150 m i l l io n  organism s r e s p e c t iv e ly )  ov er a  p e r io d  
o f  14 d ays. On th e  f i r s t  3 o cca sio n s  th e  te m p era tu re  ro s e  s h a rp ly  
to  103°-104° b u t  f e l l  w ith in  a  few  h o u rs . The r e s p i r a t i o n  and p u ls e  
were n o t m arkedly  a f f e c te d ,  and  th e  p a t i e n t ’ s g e n e ra l c o n d i t io n  good. 
The p a t i e n t ’ s c o n d i t io n  d e t e r io r a t e d  r a p id ly  a f t e r  th e  l a s t  ’’shock. ” 
She became v e iy  weak and developed  se v e re  d ia r rh o e a  and v om iting .
The p u ls e  became very  f e e b le .  In tra -v e n o u s  g lu c o s e - s a l in e  d r ip  was 
i n i t i a t e d  and, s in c e  th e  a t ta c k  resem bled  th e  c r i s i s  o f acu te  a d re n a l 
in s u f f ic i e n c y ,  an i n j e c t i o n  o f eu co rto n e  was g iv en , bu t th e  p a t ie n t  
d ie d  w ith in  a  few  h o u rs .
The p o s t  mortem ex am in atio n  was c a r r i e d  ou t by D r. A* 0. Lendrum. 
The fo llo w in g  i s  h is  r e p o r t ;
177.
P O S T  M 0 R T E M
E x te rn a l  A ppearances. The/bocjy i s  t h a t  o f  a  w e ll-n o u r ish e d , w e ll  developed  
woman, w ith  an ad eq u a te , i f  n o t s l i g h t l y  e x c e ss iv e , amount o f  subcu taneous 
f a t .  There i s  no oedema. There is  a  f in e  brown p ig n e n ta t io n  over th e  
brow and m alar r e g io n ,  on ly  made o u t in  good d a y l ig h t .  The p ig m e n ta tio n  
re sem b les  s l i g h t  sunburn  -  th i s  was a  s u n le s s  p e r io d  o f th e  y e a r .
T ho rax ; The p e r ic a rd iu m  i s  norm al. The h e a r t  (280 gms) shows no 
a b n o rm a lity  o f th e  v a lv e s  o r  endocardium . The foram en ovale is  c lo s e d .
The co ro n ary  a r t e r i e s  a re  m ild ly  a therom atous, b u t th e  lumen th ro u g h o u t i s  
adequa te  and nowhere roughened. The myocardium i s  s l i g h t l y  s o f t ,  b u t o f 
norm al th ic k n e s s  and un ifo rm  appearance.
The a o r t a  shows a  s l i g h t  d eg ree  o f  atherom a in  th e  d i s t a l  p a r t ;  i t s  
e l a s t i c i t y  and p l i a b i l i t y  a re  d e f in i t e l y  good f o r  th e  age, as in d eed  a re  
a l l  th e a  a r t e r i e s  o f  th e  body.
The lu n g s ( l e f t  350 g n s . , r ig h t  300 gms.) l i e  f r e e  a p a r t  from  s l i g h t  a p ic a l  
adh esio n s on th e  l e f t  s id e . The t r a c h e a ,  b ro n c h i and pulm onary v e s s e ls  
show n o th in g  o f n o te .  In  b o th  lungs th e re  i s  s l ig h t  a p ic a l  s t a r r i n g ;  th e  
rem ainder o f  th e  pulm onary parenchym a shows m erely  s l i g h t  c o n g e s tio n . The 
tra c h e o -b ro n c h ia l  g lands a re  s l i g h t l y  en la rg e d .
There i s  no obvious ev idence of thym ic t i s s u e  in  th e  m ediastinum .
th y ro id  g lan d  o f average s iz e  i s  p a le  and somewhat adenom atous.
Abdomen. The oesophagus, stom ach and in t e s t in e s  show n o th in g  o f n o te . The 
f a e c a l  m a te r ia l  in  th e  la rg e  i n t e s t in e  i s  somewhat p a s te - l ik e  in  c o n s is te n c e ,
b u t i s  n o t  o f  a  d y s e n te r ic  n a tu re ,  and th e re  i s  no ev idence of an acu te
c o n g e s tiv e  change in  th e  a lim e n ta ry  t r a c t .
The l i v e r  (1500 gms.) shows s l i g h t  f a t t y  change b u t i s  o th e rw ise  a p p a re n tly  
norm al. The g a l l  b la d d e r  c o n ta in s  one s to n e  about 6 mms. in  d ia m e te r , 
m ain ly  c h o le s t e r o l ;  t h i s  has n o t p roduced  any o b s t ru c t io n  o f  the  b i l i u r y  
c i r c u l a t i o n  in to  th e  b la d d e r .  The s p le e n  (170 gms) i s  s l i g h t l y  e n la rg e d  
and d e f i n i t e l y  s o f t ,  i t  is  n o t q u ite  th e  sp le e n  o f an acu te  inflam m atory  
p ro c e s s .  The p an creas  i s  f a i r l y  w e ll  p re s e rv e d  and a p p a re n tly  norm al.
On th e  r i g h t  s id e  in  the s i t u a t i o n  of the a d re n a l g lan d , three sm all 
d a rk  s p h e r ic a l  b o d ie s , each about 3 mms. i n  diameter, are fo und ing  ly in g  in  
th e  f a t .  On th e  l e f t  s id e  th e  ad re n a l gland appears as a c a l c i f i e d  mass 
invested by a  th ic k  f ib ro u s  capsule 2-Jr cms. in  .Length, w ith  a  th ic k n e s s  of 
12-15 mms. No r e a l  g lan d u la^  tissue i s  made o u t . A se a rc h  was made f o r  
e c to p ic  a d re n a l tissue, particularly in  the r e g io n  o f c o e l ia c  a x i s ,  in the 
p a n c re a s ,  b ro a d  ligam en t and o v a r ie s . None i s  p r e s e n t .
The k idneys (eac h  110 gms.) show on s e c t io n  a  norm al a r c h i te c tu r e  w ith  
s l i g h t  p a l lo r  o f th e  c o r t i c a l  parenchyma and d i s t i n c t  c o n g e s tio n . The 
c a p su le s  s t r i p  e a s i l y  from  a  smooth su r fa c e .
None o f th e  t i s s u e s  o f  th e  body appear to  be abnormal in  t h e i r  f l u i d  
c o n te n t.
Head. The b r a in  (1300 gms.) shows no ab n o rm a lity ; th e  p i t u i t a r y  g la n d  i s  
o f  f u l l  n a t u r a l  s iz e .
I  was p re s e n t  a t  th e  au topsy  and c a r r i e d  ou t a l l  o f  th e  h i s to lo g ic a l  
ex am in a tio n .
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h i s t o l o g i c a l  e x a m i n a t i o n .
The l e f t  a d re n a l  body c o n s is ts  o f  a  mass o f c a l c i f i e d  amorphous m a te r ia i  
lo b u la te d  by th ic k  f ib ro u s  bands. T here i s  no t r a c e  o f a d re n a l t i s s u e .
The g e n e ra l arrangem ent i s  t h a t  e f  e f f e t e  tu b e rc u lo s is .  The sm all s p h e r ic a l  
r i g h t  a d re n a l b o d ie s  c o n s i s t  o f  dense f ib ro u s  t i s s u e  e n g u lf in g  m inute i s l e t s  
o f  a d r e n o - c o r t ic a l  e p ith e liu m . Many o f th e  e p i t h e l i a l  c e l l s  a re  h ig h ly  
v a c u o la te d , and the  c e l l  columns a re  broken  up by s tra n d s  o f  f ib ro u s  t i s s u e ,  
lym phocytes i n f i l t r a t e  th e  e p i t h e l i a l  t i s s u e  and a re  a lso  p re s e n t  as f o c a l  
a g g re g a tio n s  in  th e  f ib ro u s  s trom a. A few m inute i s l e t s  o f a d re n a l 
m e d u lla ry  t i s s u e  a re  a lso  p r e s e n t .
"thyroid gland  shows pseudo-adenom atous a re a s  w ith  a c in i  l a r g e r  
th a n  norm al. The g land  has a  f u l l  c o l lo id  c o n te n t ,  and th e  e p ith e liu m  i s  
o f  norm al f l a t t e n e d  "type.
The p i t u i t a r y  g la n d .
The g lan d  i s  o f  norm al g ro ss  s t r u c tu r e  and i s  o f  average s iz e .
A n te r io r  p i t u i t a r y  g lan d .
The chrom ophil and chromophobe c e l l s  show no cy to lo g icaL  ab n o rm a lity .
As compared w ith  th e  g lands o f  th e  c o n t ro l  s e r i e s  ( t h i s  t h e s i s ,  p a r t  I I I )  
th e  r e l a t i v e  p ro p o r tio n  o f  a c id o p h il  c e l l s  i s  w ith in  norm al l i m i t s ,  w h ile  
th e  r e l a t i v e  p ro p o r tio n  of b a so p h il  c e l l s  i s  w e ll beyond th e  u pper l im i t s  
o f  norm al. U sing method lA ( t h i s  t h e s i s ,  p a r t  I )  deep r e d  a re a s  taa.e up 
app ro x im ate ly  a  h a l f  o f  th e  t o t a l  a re a  in  s e c tio n s  from  many le v e ls .  At
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bvem e S e iAS r° J  COmpl®te  s ®o tio n fi o f  whole p i t u i t a r y  g lands s ta in e d  
by m etaod lA  M  g ra n u le s ,  b r ig h t  r e d  ( a c id  f u c h s in ) ; a l l  o th e r
^ a n i l in e  b l u e j j  b r ig h t  y e llo w  (p ic ^ o -o ra n g e ) ; s tro m a , b lu e
Both f i g s .  x  3.
P ig .  1; s e c t io n  o f p i t u i t a r y  g la n d  o f Case 2 o f  c l a s s i c a l  
A ddison’ s d is e a s e .
P ig . 2 ; s e c t io n  o f p i t u i t a r y  g lan d  o f  th e  p re s e n t  c a s e ,
Case 6 .
NOTE th e  g r e a t  a re a  o f  f i g .  2 ta k en  up by c o n f lu e n t dark  a re a s  
b a s o p h i l - c e l l  r i c h ) ,  w h ile  in  f i g .  1 no such  a re a s  a re  p re s e n t  
(.dark d o ts  a re  p h o to g rap h ic  a r t e f a c t s ) .  The co n g lo m era tio n  o f 
sm all b la c k  d is c s  in  f i g .  1 r e p re s e n ts  th e  c o l lo id  in  th e  c y s ts  o f 
th e  p a rs  in te rm e d ia . NOTE th e  w andering c e l l s  in  f i g .  2 as dark  
masses i n f i l t r a t i n g  th e  p a rs  n e rv o sa . The p a rs  in te rm e d ia  i s  n o t 
a  conspicuous elem ent in  t h i 3 g lan d .
one l e v e l  th e  p ro p o r tio n  i s  o n ly  a  s i x t h  b u t a  h ig h  p ro p o r t io n  o f  s c a t t e r e d  
b a s o p h il  c e l l s  i s  made ou t m ic ro s c o p ic a lly .  The r e l a t i v e  p ro p o r t io n  o f 
m ature b a s o p h il  c e l l s  i s  judged  to  be more th a n  30% o f th e  t o t a l  c e l l  co u n t. 
The p ro p o r t io n  found i s  on ly  approached  by th r e e  c a se s  in  th e  c o n tro l  
s e r i e s ;  one male s u b je c t  of 60 y e a rs  d u rin g  from  th e  e f f e c t s  o f p r o s t a t i c  
h y p ertro p h y , one male of 50 (tying from c a rd ia c  f a i l u r e ,  and one v e iy  obese 
fem ale  d ia b e t ic  of 1+Q y e a r s .  B a s o p h i l - c e l l  in c re a s e  i s  n o t common to  
th e  age group as th e  r e l a t i v e  p ro p o r tio n  i s  w e ll w ith in  th e  norm al 
v a r i a t i o n  in  tw e n ty -f iv e  o th e r  s u b je c ts  of th e  c o n tro l  s e r i e s ,  a l l  over 
50 y e a rs  o f  age. The in c re a s e  in  m ature b a so p h il  c e l l s  was v e r i f i e d  by 
a l l t h e  o th e r  s ta in in g  methods d e sc r ib e d . Thus th e re  appears  to  be no 
re a so n  to  doubt t h a t  th e re  i s  t r u e  b a s o p h il ia  ( r e l a t i v e  in c re a s e  o f b a s o p h il  
c e l l s ) .  This o f f e r s  a s t r i k i n g  c o n t r a s t  to  th e  p i t u i t a r y  g lands o f  th e  
f i v e  c a se s  o f  A ddison’s d is e a se  w here, as d e sc r ib e d ,n o  b a s o p h i l - c e l l  r i c h  
a re a s  were v i s ib l e  to  the  naked eye and th e  r e l a t i v e  p ro jjo r tio n  o f  m ature 
b a s o p h il  c e l l s  was judged  to  be in  th e  re g io n  o f a  f r a c t i o n  o f  one p e r  
c e n t (compare f i g s .  1 and 2 ) ,
The p a rs  in te rm e d ia  shows no abnorm ality .
P o s te r io r  lo b e . W andering b a s o p h il c e l l s  a re  numerous, b u t w ith in  
norm al l i m i t s .
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D I S C U S S I O N .
A dd iso n 's  d is e a s e  is  p roduced  by g ro ss  d e s t r u c t io n  o f th e  a d re n a l 
c o r te x ,  conmonly by tu b e rc u lo s is  o r  a tro p h y . B arker (1929) s t a t e s  t h a t  
c l i n i c a l  symptoms become prom inent on ly  when a t  l e a s t  90 ’6 o f  th e  c o r t i c a l  
t i s s u e  has been  d e s tro y e d . Y/hile th e  m edu lla  may be in v o lv e d  in  th e  
d e s t r u c t iv e  p ro c e s s ,  t h i s  may be on ly  to  a  s l i g h t  e x te n t ,  o r n o t a t  a l l ,  
and m edu llary  involvem ent does not appear to  be n e c e ssa ry  f o r  th e  develop­
ment o f  th e  syndrome (Crooke & R u s s e l l ,  1935; W ells, 1930). I n  th e  
p r e s e n t  ca se  th e  amount o f  c o r t i c a l  t i s s u e  p e r s i s t i n g  is  on ly  a  f r a c t i o n  
o f a  h u n d red th  p a r t  and is  l e s s  th a n  the  amount p e r s i s t i n g  in  some o f  th e  
c o n t ro l  case s  o f  c l a s s i c a l  A dd iso n 's  d is e a s e . The m edullary  t i s s u e  i s  
c o rre sp o n d in g ly  reduced . N e v e r th e le s s , A ddison’ s d is e a s e  was n o t 
m a n ife s t .  In d eed , a p a r t  from  th e  j o i n t  c o n d i t io n , th e  p a t ie n t  en joyed  
good h e a l th ,  and th e  o n ly  s ig n  r e f e r a b le  to  A ddison’s d is e a s e  was th e  
p ig m e n ta tio n  o f th e  f a c e ,  so s l i g h t  t h a t  i t  was on ly  a£>preciated in  
s tro n g  d a y l ig h t .  I t  i s  re a so n a b le  to  a s c r ib e  th e  te rm in a l g a s tro ­
i n t e s t i n a l  c r i s i s  and c o l la p s e ,  w hich fo llo w ed  th e  p r o te in  shock therapy , 
to  acu te  a d re n a l in s u f f ic ie n c y ;  th e  l a t e n t  a d re n o -c o r t ic a l  d e f ic ie n c y  b e in g  
unmasked u n d er th e  s t r e s s  o f  th e  r e a c t io n .
The f a i l u r e  o f  developm ent of A ddison’ s d is e a s e  cannot be a s c r ib e d  to  
a  tim e f a c t o r  f o r  th e  a d re n a l le s io n s  a re  o f  a ch ro n ic  n a tu re .  The l e f t  
a d re n a l g lan d  has been t o t a l l y  d e s tro y e d  by tu b e rc u lo s is .  The le s io n  i s  
m a n ife s t ly  o f  lo n g  s ta n d in g . The le s io n  o f  th e  r i g h t  a d re n a l has n o t th e
c h a ra c te r s  of tu b e rc u lo s is .  The m icro sco p ic  appearances a re  s im i la r  
to  th e  l a t e  s ta g e  o f  th e  so  c a l l e d  ’’a tro p h y "  o f  c l a s s i c a l  A d d iso n 's  d is e a s e .  
The d i s t r i b u t i o n  o f  the  a d re n a l t i s s u e  in  th re e  sm a ll nodes i s ,  however, 
u n u su a l and i t  may be th a t  th e  morbid p ro c e ss  i s  n o t the same as in  th e  
c l a s s i c a l  a tro p h y . I t  i s  c o n s id e re d  p o s s ib le  t h a t  c h ro n ic  tu b e rc u lo u s  
invo lvem ent o f  a d re n a l b lood  v e s s e ls  n e a r  th e  a o r ta  may have p roduced  
a  slow  and unequal s ta r v a t io n  a tro p h y . No such l e s io n  was e v id e n t a t  
th e  post-m ortem . W hile i t  is  n o t  p o s s ib le  to  s t a t e  th e  age o f  th e  l e s i o n  
i t  i s  p ro b ab ly  o f some y e a rs  d u ra tio n ,  though i t  i s  c o n s id e re d  th a t  i t  
o c c u rre d  some tim e a f t e r  th e  c h ro n ic  tu b e rc u lo u s  p ro c e s s  on th e  l e f t  s id e .
The b a so p h il c e l l s  o f th e  a n te r io r  p i t u i t a r y  g la n d  a re  im po rtan t 
elem ents in  th e  en d o crin e  system  and i t  can h a rd ly  be doubted  from  th e  
ev idence d is c u s s e d  p re v io u s ly  t h a t  t h e i r  g ro ss  d e p le tio n  i s  an im p o rtan t 
f a c t o r  in  th e  m orbid p ro c e ss  o f  A dd iso n 's  d is e a s e . T h e re fo re  in  th e  
p r e s e n t  c a s e  i t  i s  c o n s id e re d  th a t  th e  f a i l u r e  o f developm ent o f  symptoms 
o f  A ddison’ s d is e a s e  in  th e  p re se n c e  o f th e  g ro ss  and ch ro n ic  ad re n a l 
d e s t r u c t io n  i s  a s s o c ia te d  w ith  th e  absence o f  d e p le tio n  o f m ature b a s o p h il 
c e l l s  in  th e  hypophysis . Nor i s  i t  co n s id e re d  t h a t  S ev erin g h au s ' s f in d in g  
o f  b a s o p h i l ia  in  th e  p re sen ce  o f symptoms of A ddison’ s d is e a s e  c o n t r a d ic t s  
such  a  s u p p o s i t io n , q u ite  a p a r t  from  th e  p o s s ib le  e x p la n a tio n  o f a  tem porary  
r e g e n e ra t io n  o f b a so p h il c e l l s  in  h is  c a se . I t  sh o u ld  be n o te d  t h a t  in  
S ev e rin g h a u s’ s case  th e  d is e a s e  was w e ll c o n t ro l le d  by s a l t ,  t h a t  th e  
p a t i e n t  f i r s t  e x p e rien ced  symptoms at th e  age of 57> and th a t  i t  took  two 
y e a rs  f o r  th e  d is e a se  to  develope s u f f i c i e n t l y  to  allow  o f  a  d ia g n o sis  o f
A d d iso n 's  d is e a s e . (A ll  o f  ray c o n t ro l  c a s e s  uf A d d iso n 's  d is e a s e  and 
Grooke & R u s s e l l 's  c a se s  w ere o f a  more in e x o ra b le  n a tu r e ) .  S everinghaus 
does n o t g iv e  g re a t  d e t a i l  of h is  c a se  and does n o t d e s c r ib e  th e  a d re n a l 
l e s i o n ,  b u t i t  i s  c o n s id e re d  th a t  i t  has much in  common w ith  th e  p re s e n t  
c a se . A ccord ing ly  i t  i s  c o n s id e re d  t h a t  th e  h ig h  b a s o p h i l - c e l l - c o n te n t  
o f  th e  p i t u i t a r y  gLand i s  th e  im p o rtan t en d o crin e  f a c t o r  in  th e  f a i l u r e  o f  
developm ent o f  symptoms o f A dd iso n 's  d is e a s e  in  th e  p re s e n t  ca se .
As to  why b a s o p h i l - c e l l  d e p le t io n  d id  no t ta k e  p la c e  in  th e  a n t e r io r  
p i t u i t a r y  g land  i n  th e  p re sen ce  o f such  g ro ss  a d re n a l d e s t r u c t io n ,  1 can 
o n ly  in d u lg e  in  s p e c u la tio n .  In  th e  f i r s t  p la c e ,  th e  a d re n a l le s io n  i s  
o f a  d u a l c h a ra c te r .  The l e f t  ad ren a l g lan d  was presum ably  o b l i t e r a t e d  
many y e a rs  ago by tu b e rc u lo s is ,  and , w ith  t h i s  d e f ic ie n c y , a d r e n o -c o r t ic a l  -  
b a s o p h i l - c e l l  r e la t io n s h ip s  may have become so a d ju s te d  th a t  th e  subsequen t 
lo s s  of th e  r i g h t  a d re n a l was com pensated f o r  by a c t iv e  b a s o p h i l - c e l l  in c re a s e .  
I n  th e  second p la c e  th e  age o f th e  s u b je c t  may be an im p o rtan t f a c t o r .  The 
p a t i e n t  was 64  a t  d ea th . I1y c o n tro l  case s  o f  A dd ison 's  d is e a s e  a re  a l l  much 
y o u n g er, w h ile  Grooke & R u s s e l l 's  s e r ie s  c o n ta in s  on ly  two s u b je c ts  ov er 50; 
one o f  53 one of 63 . I t  may be th a t  in  th e  l a t t e r  p a r t  o f  l i f e  th e  c o r te x  
becomes l e s s  im p o rtan t in  the en d o crin e  system . W hatever the  t r u e  ex p lan - 
a t io n  may b e , I  c o n s id e r  t h a t  th e  im p lic a tio n s  of t h i s  ca se  and th e  f in d in g s  
in  c l a s s i c a l  A d d iso n 's  d ise a se  in d ic a te  th a t  the d e p le tio n  of m ature b a so p h il  
c e l l s  in  th e  a n t e r io r  p i t u i t a r y  g land  i s  an e s s e n t i a l  p a r t  o f th e  m orbid
p ro c e s s  o f  A d d iso n 's  d is e a s e .
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ADDISON'S DISEASE AND PITUITARY BASOPHILISM.
A d d iso n 's  d is e a s e  i s ,  in  m ost r e s p e c t s ,  th e  o p p o s ite  o f  C u sh in g 's  
syndrome. M dQuarrie, Johnson and Die p ie r  (1957) g iv e  th e  fo llo w in g  
ta b le  o f  com parison between the  f in d in g s  in  A d d iso n 's  d is e a s e  and a  c a se  
o f  C u sh in g 's  syndrome ( p a t i e n t  M.V.) :
T A B L E
DATA ADDISON'S DISEASE PATIENT M.V.
C l in ic a l
N u t r i t io n E m aciated A d ip o sity  o f  tru n k , 
neck and fa c e
S k in  - P igm ented Dusky, f l o r i d  fa c e ;  
a c ro c y a n o s is ; 
p u r p l i s h  s t r i a t i o n s
H a ir Normal o r  sp a rs e H irsu tism ; h ypertrichoE  
o f  e x t re m it ie s .
Eye b a l l s Enclophthalmos Exophthalm os.
Sex fu n c tio n D im in ished D im inished
B lood p re s s u re Reduced E le v a te d
Body te m p era tu re Subnormal Normal
B a^al m etabo lism Reduced +Q?o + 1  Gfo
P lasm a COg com bining
pow er. D ecreased G re a tly  in c re a s e d
G a s t r o in te s t in a l Itypoch lo rhydri a; A ch lo rh y d ria ; a n o re x ia  
to  norm al a p p e t i te .
B lood volume Reduced Normal
S k e le to n Normal Normal to  s l i g h t  
o s te o p o ro s is
V oice Normal M ascu line; rough.
c o n td .
TABLE ( con tin u ed )
DATA ADDISON'S DISEASE PATIENT M.V.
B lood C o n s ti tu e n ts
Sugar Ifypoglycaem ia Ifyperglycaem ia ( f ra n k  
d ia b e te s ) •
Sodium D ecreased In c re a s e d
P o tass iu m In c re a s e d D ecreased
Calcium S l ig h t ly  in c re a s e d S l ig h t ly  d eo reased .
Magnesium In c re a s e d D ecreased
C h lo rid e D ecreased D ecreased
B ic a rb o n a te D ecreased G re a tly  in c re a s e d
In o rg a n ic  phosphorus S l ig h t ly  in c re a s e d S l ig h t ly  d eo reased
N o n -p ro te in  n it ro g e n In c re a s e d Normal
Serum p r o te in s In c re a s e d D ecreased .
Response to  T herapy.
C o r tin B e n e f ic ia l N ot h e lp fu l
NaCl s o lu t io n B e n e f ic ia l N ot h e lp fu l
K C l s o lu t io n Harmful B e n e f ic ia l .
I n s u l in Harmful B e n e f ic ia l .
M cQ uarrie, Johnson and Z ie g le r  co n ten d  t h a t ,  s in c e  A d d iso n 's  d is e a se  
i s  th e  symptom o f a d re n o -c o r t ic a l  d e s t ru c t io n ,  th e  o p p o s ite  c o n d itio n , 
C u sh in g 's  syndrome, i s  th e  symptom of a d re n o -c o r t ic a l  h y p e rfu n c tio n .
T h e ir  e r r o r  l i e s  in  th a t  th e y  d id  n o t a p p re c ia te  th e  p rew ise  n a tu re  o f  th e  
m orbid  p ro c e s se s  in v o lv ed . I n  my f i n a l  summation o f the  m orbid p ro c e s se s  
o f C u sh in g 's  syndrome I  co n s id e re d  th a t  h y p e rfu n c tio n  o f the  b a s o p h il  c e l l s
was a  " s in e  qua n on ."  The evidence in d ic a te d  t h a t  th e  b a s o p h il  c e l l s  and 
th e  a d re n a l c o r te x  were so c lo s e ly  i n t e r - r e l a t e d  th a t  ( l )  They c o u ld  be 
c o n v e n ie n tly  re g a rd e d  as a  f u n c t io n a l  complex in  t h a t  a  h ig h  degree  o f 
h y p e rfu n c tio n  of th e  one was fo llo w ed  by a  l i k e  a l t e r a t i o n  in  th e  o th e r ,  
and (2) th e  p rim ary  m orbid  p ro c e ss  in  C u sh in g 's  syndrome c o u ld  be re g a rd e d  
as a  h y p e rfu n c tio n  o f th e  complex. The n a tu re  of th e  m orbid p ro c e ss  in  
A ddison1 s d is e a s e  c a r r i e s  s im i la r  im p lic a tio n s  in  th a t  a  h ig h  deg ree  o f 
a d r e n o - c o r t ic a l  ly p o fu n c tio n  i s  fo llo w e d  by a  l i k e  change in  th e  b a s o p h il  
c e l ls *  I t  has a lre a d y  been presum ed th a t  in  r e s p e c t  o f  androgen ic  a c t i v i t y  
th e  a d re n a l c o r te x  has a  r e l a t i v e  autonomy, b u t in  r e s p e c t  o f  i t s  o th e r  
fu n c tio n s  i t  would appear t h a t  th ey  on ly  have a  p a th o lo g ic a l  e f f e c t  when 
th e  c o r t i c a l  ab no rm ality  i s  of h ig h  d eg ree  and i s  a s s o c ia te d  w ith  a  l i k e  
a l t e r a t i o n  in  th e  b a so p h il c e l l s .
The in te r - e n d o c r in e  r e la t io n s h ip s  w hich I  have d is c u s s e d  a re  th e  most 
obvious w hich I  have en co u n te red , and a re  c o n s id e re d  o f p rim ary  im portance . 
The r e d u c t io n  o f the ad ren a l g lands to  m inute p ro p o r tio n s  i s  a  s t r i k i n g  
f e a tu r e  o f  Simraonds's d ise a se  (Sheehan and M cLetchie, 1943) > and a lso  is  
th e  most im m ediate e f f e c t  o f  e x p e rim en ta l hypopkysectony in  anim als 
(G ro llm an , 1936  ) .  The p i t u i t a r y  d e s tru c t io n  in v o lv es  b o th  a c id o p h il
and b a s o p h il  c e l l s .  I n  acrom egaly and g ig a n tism , which i s  a s s o c ia te d  w ith
adenoma o r  d i f fu s e  h y p e rp la s ia  o f th e  a c id o p h il c e l l s ,  ad re n a l h y p e rp la s ia  
i s  p roduced . N e v e rth e le ss  i t  i s  no t c o n s id e re d  th a t  th e  same c lo se  
r e l a t io n s h ip  e x i s t s  betw een th e  a d re n a l c o r te x  and the a c id o p h il c e l l s ,  
as w ith  th e  b a so p h il c e l l s .  Thus p rim ary  ad ren a l h y p e rp la s ia  does n o t
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produce a c id o p h i l - c e l l  h y p e rp la s ia .  The a d re n a l d e s t r u c t io n  o f  A ddison’ s 
d is e a s e  r e s u l t s  in  d e p le t io n  o f  th e  a c id o p h il  c e l l s  o f  th e  p i t u i t a r y  g la n d , 
b u t on ly  to  a  s l i g h t  d e g re e , in  c o n t r a s t  to  th e  g ro ss  d e p le t io n  of b a s o p h il  
c e l l s .  W hile a d re n a l h y p e rp la s ia  i s  p roduced  in  acrom egaly t h i s  i s  in
common w ith  a  g e n e ra l is e d  splanchnom egaly . W hile th e  d e s t r u c t io n  o f
c e l l s
a c id o p h i l /  in  Simmonds’ s d is e a s e  may c o n t r ib u te  to  th e  p ro d u c tio n  o f  
a d re n a l a tro p h y , i t  is  a lm o st c e r t a in ,  from  a l l  th e  p re v io u s  ev idence  
d is c u s s e d , th a t  t h i s  i s  p roduced  in  p a r t  by th e  d e s t r u c t io n  o f  th e  b a s o p h il  
c e l l s .  Thus th e re  i s  l i t t l e  ev idence f o r  p la c in g  th e  r e l a t io n s h ip  o f  th e  
a c id o p h il  c e l l s  to  th e  ad re n a l c o r te x  c lo s e r  th a n  th e  r e l a t io n s h ip  o f  th e  
a c id o p h il  c e l l s  to  most o th e r  en d o crin e  g la n d s , as  opposed to  th e  more 
obv ious r e c ip r o c a l  r e la t io n s h ip  w hich e x i s t s  between th e  a d re n a l c o r te x  and 
th e  b a s o p h il  c e l l s .
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THE PART OF THE WANDERING BASOPHIL CELLE OF THE 
POSTERIOR LOBE OF THE HYPOPHYSIS IN MORBID PROCESSES.
The in t im a te  r e la t io n s h ip  betw een th e  a d re n a l c o r te x  and th e  
b a s o p h il  c e l l s  o f  th e  hypophysis r e f e r s  to  th e  b a s o p h il  c e l l s  o f th e  
a n te r io r  lo b e . The w andering b a s o p h il  c e l l s  o f th e  p o s t e r i o r  lo b e  
r e q u ir e  s e p a ra te  c o n s id e ra t io n .  The p ro p o r tio n  o f  w andering  c e l l s  i s  
ex trem ely  v a r ia b le  i n  g lands from r o u t in e  a u to p s ie s  and so f a r  no c o r r e l la t ic n  
betw een th e  numbers o f  c e l l s  and any m orbid c o n d itio n  has been  s u b s ta n ­
t i a t e d  ( s c r ib a ,  193&J Rasmussen, 1 9 3 ^ )» though K raus (1933) c la im s th a t  
th e re  i s  an  in c re a s e  i n  p e rso n s abnorm ally  ov erw eig h t. T h e ir  d e p le t io n  
in  A ddison*s d is e a se  canno t be d i r e c t l y  co n n ec ted  w ith  lo s s  o f w e ig h t, a  
v a r ia b le  f e a tu r e  o f  the syndrome and connec ted  more obviously^ in  some 
c a s e s | w ith  g a s t r o - in t e s t i n a l  u p s e t ,  in  o th e rs  w ith  w idesp read  tu b e rc u lo s is .
I n  th e  a l l i e d  c o n d itio n  o f Siiomonds's d is e a s e , p roduced  by p o s t-p a rtu m  
n e c ro s is  o f th e  a n te r io r  p i t u i t a r y  g la n d , Sheehan has a lre a d y  s t r e s s e d  
th e  c u r io u s  f a c t  t h a t ,  d e s p i te  g ro ss  d e s tru c t io n  o f  th e  a n te r io r  lo b e , 
lo s s  o f  w eigh t i s  no t a  f e a tu r e  o f  th e  c o n d itio n  (Sheehan, 1939 J Sheehan 
& M cL etchie , 1943). I t  i s  im p o rtan t to  re c o g n ise  t h a t  in  p o s t-p a rtu m  
n e c r o s is  o f  th e  p i t u i t a r y  g lan d  th e  p a rs  in te rm e d ia  and p o s te r io r  lobe  
a re  u s u a l ly  sp a re d  co m p le te ly . In  th e  case  d e sc r ib e d  by Sheehan &
M cLetchie d e s t ru c t io n  o f  the  a n te r io r  lobe  is  as g re a t  as has ev e r been  
d e sc r ib e d . The b u lk  of the p a rs  in te rm e d ia  i s  i n t a c t  and the  p o s te r i o r  
lo b e  i s  no t in v o lv ed  in  th e  prim ary  d e s tru c t iv e  p ro c e s s , though i t  i s
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somewhat shrunken . I n  t h i s  case  w andering  b a s o p h il  c e l l s  were 
id e n t i f i e d  in  th e  p o s te r io r  lo b e . Though th i s  s u b je c t  had  c l a s s i c a l  
symptoms o f s e v e re  Simmondsf s d is e a s e  f o r  a  p e r io d  o f seven  y e a r s ,  th e  
g e n e ra l body n u t r i t i o n  rem ained  good. The f in d in g s  su g g e s t a  lin k a g e  
betw een th e  w andering  c e l l s  and n u t r i t i o n  b u t t h i s  w i l l  be d en ied  by some 
g e n e ra l c o n s id e ra tio n s  to  fo llo w .
I n  C ush ing’ s syndrome th e  w andering  c e l l s  undergo th e  same a l t e r a t i o n s  
•as th e  b a so p h il c e l l s  in  th e  a n t e r io r  lo b e , b u t to £  l e s s  d eg ree . h y a lm -  
i z a t i o n  o f th e  b a so p h il c e l l s  o f  th e  a n te r io r  lo b e  is  p r e s e n t  in  descend ing  
degree in  Cases I ,  I I I  and I I  (T h is  t h e s i s ,  p a r t  I I I ) .  The degree  o f  
h y a l in iz a t io n  o f  th e  w andering c e l l s  i s  g r e a te r  in  ca se  I  th a n  in  c a se  
I I I ,  w h ile  no h y a l in iz a t io n  is  p re s e n t  in  c a se  I I .  In  each case  th e  
degree of h y a l in iz a t io n  o f  th e  w andering c e l l s  i s  le s s  th a n  th a t  in  th e  
b a s o p h il  c e l l s  of the a n te r io r  lo b e  of th e  same g lan d . C ytoplasm ic 
v a c u o la tio n  o f the  b a so p h il c e l l s  of th e  a n t e r io r  lobe  i s  o f  g ro a t degree 
in  ca se  1^1. I t  is  on ly  in  th i s  case  th a t  v a c u o la tio n  i s  p r e s e n t  in  th e  
w andering c e l l s  and i t  i s  on ly  o f s l i g h t  d eg reed  I t  was a lre a d y  concluded  
t h a t  in  A ddison’ s d ise a se  d e p le t io n  o f w andering c e l l s  i s  a  s lo w e r p ro c e ss  
th a n  t h a t  o f th e  b a so p h il c e l l s  o f th e  a n te r io r  lo b e . Thus from  th e se  
two c o n d itio n s  i t  would appear th a t  the  w andering c e l l s  undergo th e  same 
re a c t io n s  as t h e i r  b ro th e rs  in  th e  a n te r io r  lo b e  b u t to  a  l e s s  degree .
I f  t h i s  law  i s  g e n e ra lly  a p p lic a b le  we a re  drawn in to  deep w a te rs . As 
has been  s ta t e d ,  Kraus m ain ta in s th a t  th e  w andering c e l l s  a re  in c re a se d
X ( t h i s  t h e s i s ,  page )
in  peop le  abnorm ally  o verw eigh t. Now i f  we conce ive  of a  s u b je c t  hav ing  
a  t r a n s i e n t  p e r io d  o f b a s o p h i l ia  in  th e  a n t e r io r  lo b e  t h i s  would be 
r e f l e c t e d  in  an in c re a s e  in  th e  w andering c e l l s  in  th e  p o s t e r i o r  lo b e ; 
a d m itte d ly  s low er in  developm ent, b u t ,  e q u a lly  w e l l ,  s low er to  p a ss  o f f .  
Thus a  p o s te r io r  lo b e  b a s o p h il ia  may m erely be th e  shadow o f  a  lo n g  p a s t  
a n te r io r  lo b e  b a s o p h il ia .  I  m ention t h i s  to  in d ic a te  th e  d i f f i c u l t  
n a tu re  o f  th e  ev idence.
I n  A ddison’ s d is e a se  th e  d e p le tio n  of w andering c e l l s ,  when p r e s e n t ,  
i s  a b s o lu te ,  i . e .  th e re  is  no co rresp o n d in g  rep lacem en t by chromophobe 
c e l l s  as o b ta in s  in  th e  a n t e r io r  lo b e . F o r t h i s  th e re  a re  two p o s s ib le  
e x p la n a tio n s
(1) There may be c o n tin u a l c e l l  d ea th  and rep lacem en t o f  w andering c e l l s  
in  th e  p o s te r io r  lobe and in  Addison* s d is e a se  th e  rep lacem en t i s  s to p p ed , 
( i f  c e l l  d ea th  does ta k e  p la c e  no rm ally  i t  m ust be  a  slow  p ro c e s s ,  as I  
have, r a r e l y  en co u n te red  w andering c e l l s  in  a  p ro c e s s  o f d is s o lu t io n )  .
(2) In  A ddison’ s d is e a se  th e  e s s e n t i a l  p ro c e ss  may be one o f  d ea th  of 
m ature b a so p h il  c e l l s .  I  fav o u r th e  f i r s t  view.
The w andering c e l l s  a r i s e  from  th e  p a rs  in te rm e d ia , which i s  p ro b ab ly  
a  v e s t i g i a l  s t r u c tu r e .  I n  c h i ld r e n  th e  p a rs  in te rm e d ia  and w andering 
c e l l s  a re  r e p re s e n te d  by tubu lo -racem ore  g lands composed o f a  n o n -g ra n u la r  
e p ith e liu m  having  a  s im i la r  o r ig in  to  th e  a n te r io r  lo b e  (Rasm ussen, 1936a) . 
I t  would appear th a t  the developm ent o f w andering b a so p h il c e l l s  ta k e s  
o r ig in  from  th e  same s tim u lu s  tfh ich  causes m a tu ra tio n  o f cliromophobe 
c e l l s  to  b a so p h il  c e l l s  in  th e  a n te r io r  lo b e  a t  p u b e rty . I  c o n s id e r
t h a t  th e  w andering  c e l l s  o f  th e  p o s te r io r  lo b e  fo llo w  th e  sane 
r e a c t io n s  as th e  b a s o p h il  c e l l s  o f th e  a n t e r io r  lo b e tb u t to  a  l e s s  
degree^sim ply  because th e y  a re  e s s e n t i a l l y  th e  same as t h e i r  b ro th e r s  
i n  th e  a n t e r io r  lo b e  bu t have a  much sm a lle r  b lo o d  su p p ly . I t  i s  n o t 
c o n s id e re d  t h a t  th e y  make any s p e c ia l  c o n t r ib u t io n  to  th e  p a th o lo g ic a l  
p ro c e s se s  in  w hich they  a re  in v o lv ed .
In  c o n c lu s io n .
T his p a p e r has been  w r i t t e n  from  th e  v iew po in t o f th e  m orbid 
a n a to m is t. The w r i te r  can n o t p re te n d  to  have re a d , f a r  l e s s  d ig e s te d , 
a l l  th e  mass o f l i t e r a t u r e  now a v a i la b le  on o th e r  a s p e c ts  o f  th e  problem . 
W hile m orbid anatomy has many l im i t a t i o n s  i t  has th e  m e ri t  th a t  th e  changes 
o b se rv ed  o ccu r in  th e  compass o f  a  human l i f e ,  and from  th e  observed  f a c t s  
i t  i s  sometimes p o s s ib le  to  e n u n c ia te  fundam ental p r in c i p le s .  The 
c o n d itio n s  I  have d e a l t  w ith  a re  a l l  uncommon, b u t a  p ro p e r  u n d e rs ta n d in g  
o f  them has w ider a p p l ic a t io n s .  In  th e  fu tu r e  im p o rtan t c o n t r ib u t io n s  
to  d ia g n o s is  by endocrine  assay  a re  to  be lo o k ed  f o r .  B u t, in  th e  
b e g in n in g , knowledge can  on ly  be a c c u ra te ly  a c q u ire d , in  so f a r  as the  
human s u b je c t  i s  concerned , by th e  in v e s t ig a t io n  o f th e  norm al and o f  th e  
abnorm al w ith  a  known le s io n .  E q u a lly  w e ll th e  v a lu e  o f  hormone s u b s t i ­
t u t i o n  th e ra p y  can on ly  be a s se s se d  in  th e  b eg in n in g  by t r i a l  in  c a se s  
where th e  m orbid p ro c e ss  is  a c c u ra te ly  d e fin e d . From th i s  we can  p ro cee d  
to  th e  d ia g n o s is  and tre a tm e n t o f th o se  m ild e r  and more o c c u l t  m a n ife s ta t io n s  
o f  th e  c l a s s i c a l  syndromes which encompass th e  g r e a t  b u lk  o f en d o crin e  
d is e a s e .
AND THEN MY HEART WITH PLEASURE FILLS, 
AID DANCES V/ITH THE BASOPHILS.
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A C K N O W L E D G M E N T S .
T hin s e c t io n s  a re  n e c e ssa ry  f o r  p i t u i t a r y  h is to lo g y .
I t  i s  a  p le a s u re  to  re c o rd  th e  c u t t in g  of th in  s e c t io n s  f o r  me 
o v er a  p e r io d  o f  f iv e  y e a rs  by Mr. Win. Penny and Mr. Wm. C arson o f 
th e  D epartm ent o f P a th o lo g y , U n iv e rs i ty  and W estern  In f irm a ry ,
Glasgow. T h is  th e s i s  has been ty p e d  by C pl. E, H aize ld en , R.A.M. 0. , 
under d i f f i c u l t  c o n d i t io n s ,  and i t  i s  n o t too  much to  say  th a t  w ith o u t 
h is  p e rse v e ra n c e  th i s  t h e s i s ,  and many o f  th e  p u b lic a t io n s  a s s o c ia te d  
w ith  i t ,  w ould n o t have seen  th e  l i g h t  o f  day. Most o f th e  p h o to ­
m icrographs were ta k e n  by th e  l a t e  Mr. John K irk p a tr ic k .  O r ig in a l  
draw ings and  p a in t in g s  (o v e r pho tog raphs) a re  by n jy se lf.
O R M S K I  R K.
12 FEB. 1944-
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S Y N O P S I S .
SUMMARY OP CASES OF ADDISON1S DISEASE.
Case I .
Addison*s d is e a s e :  a tro p h y  o f a d re n a l g lands
Male a e t  36 .
C l in ic a l  h i s to r y  ; D isch a rg ed  from  Aruy as a  ca se  o f Addison* s 
d is e a s e  a  few months b e fo re  h is  d e a th . He gave h im se lf  in je c t io n s  
o f  c o r t i c a l  p re p a ra t io n s  (Organon) and to o k  an excess o f  sodium 
c h lo r id e  in  d i e t .  C la s s ic a l  s ig n s  and symptoms o f  A dd iso n 's  d is e a s e  
w ere p r e s e n t ,  and some days b e fo re  adm ission  to  W estern In f irm a ry  he 
showed vo m itin g , a  f a l l  in  B .P. to  80/45 and p a l lo r .
On adm ission  -  sem i-com atose; B .P. 3 5 /? ; p u ls e  im p e rc e p tib le ;  
brown p ig m en ta tio n  o f hands, f a c e ,  u m b ilic a l r e g io n , and b u cca l 
mucosa. T re a te d  w ith  e u co rto n e , in tra v e n o u s  g lu c o s e - s a l in e ,  and 
DOCA. D ied  one day a f t e r  adm ission .
Post-m ortem .
F a i r  n u t r i t i o n ;  h e a r t ,  250 g rm s.; oedema o f  lu n g s ; th y ro id , 
f a i r l y  l a r g e  and p a le ;  thymus, n o t en la rg e d ; l i v e r ,  1150 g rin s., 
w asted ; p a n c re a s , norm al in  appearance; k id n e y s, 145 grins, and 
150grm s., s p le e n , 135 grrns.
A drenal g la n d s : On d is s e c t io n  o f  th e  a re a  o f  ad re n a l g la n d s , sm all
p a tc h e s  o f  c o l la p s e d  c o r t i c a l  t i s s u e ,  brow nish  in  c o lo u r , found in  
f a t  a t  s i t e  o f  b o th  a d re n a l g la n d s . The a p p e a ra n c e s  p o in t  to  a lm o st
com plete  a tro p h y  o f  a d re n a ls  w ith  f a t t y  rep la cem e n t.
H is to lo g ic a l  d e w c rip tio n  in  t e x t .
Case 2.
A d d iso n 's  d is e a s e ;  a tro p h y  o f  a d re n a ls  g la n d s; 
fem ale a e t  37
C lin ic a l  h i s to r y  : 4  months h i s to r y  o f  a s th e n ia ,  a t ta c k s  o f
v o m itin g , m arked lo s s  o f  w e ig h t, p ig m e n ta tio n  o f s k in .  
G e n e ra lis e d  p ig m e n ta tio n  m ost marked on f a c e ,  n eck , elbow s, 
hands, and in  b u c c a l c a v i ty .  B .P . 70 /4 4 , l a t e r  90/65 when 
t r e a t e d  w ith  euco rtone  and h ig h  s a l t  d i e t .
Post-m ortem .
H e a rt, l6 o  g rm s.; lu n g s , l i v e r ,  sp le e n , a l l  sm a ll; thymus, 
p ro m in en t; th y ro id ,  norm al s i z e ,  ample c o l lo id ,  b u t  many a lv e o l i  
a re  sm a ll and e p ith e liu m  i s  c u b ic a l .  A drenal t i s s u e  -  m inute 
b o d ie s  abou t lcmm. x 2 rams.,showing m inute i s l e t s  o f c o r t i c a l  and 
m edu lla ry  t i s s u e  en g u lfe d  by young a d u lt  f ib ro u s  t i s s u e ;  zones 
o f  round  c e l l  i n f i l t r a t i o n  p r e s e n t .
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Gage 3.
A d d iso n 's  d is e a s e ;  b i l a t e r a l  ad re n a l tu b e rc u lo s is ;  
m ale, a e t  42.
C l in ic a l  h i s to r y . N in e teen  months h is to r y  o f a s th e n ia ,  lo s s  o f 
w e ig h t, a n o re x ia , p ig m en ta tio n  o f  fa c e  and lim b s , a t ta c k s  o f 
v o m itin g . t r e a t e d  w ith  eu co rto n e  and h igh  s a l t  d i e t  fo r  12 
m onths. B .P .110 /6b  l a t e r  80 /60 . 2 /8 /4 1  a d re n a l g r a f t s  p la n te d
in  r e c tu s  m uscle; s e p s is  supervened ; d ie d  6/ 8/ 4 1 .
Post-m ortem .
W ell d ev eloped  m ale; deep brown p ig m en ta tio n  o f s k in ;  h e a r t ,
255 grms; h e a le d  tu b e rc u lo s is  o f  r .  lu n g ; b i l a t e r a l  p le u ra l  
e f f u s io n s ,  each  1^ p i n t s ;  th y ro id ,  no ab n o rm a lity ; tlqyraus, n o t 
e n la rg e d ; l i v e r  and s p le e n , sm a ll; r .  a d re n a l g lan d , e n t i r e ly  
re p la c e d  by caseous tu b e rc u lo u s  t i s s u e ;  1 . a d re n a l g la n d , a lm ost 
e n t i r e ly  re p la c e d  by caseous tu b e rc u lo u s  t i s s u e ,  k id n e y s , norm al.
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Case 4 .
Addison* s d is e a s e ;  a tro p h y  o f  a d re n a l g la n d s , 
male a e t  33*
N ine months h i s to r y  o f a s th e n ia ,  a t ta c k s  o f  d iz z in e s s ,  brow nish  
p ig m e n ta tio n  o f  f a c e .  B .P . 84 /3 5 ; te m p e ra tu re , low; improvement 
w ith  eu co rto n e  and h igh  s a l t  d i e t ,  b u t re la p s e d  and d ie d  fo u r  months 
a f t e r  s t a r t  o f  tre a tm e n t.
P ost-m ortem .
E m acia ted ; d i f f u s e  brown p ig m e n ta tio n  o f sk in  most marked on fa o e ; 
h e a r t ,  290 g rm s ., thymus, e n la rg e d ; th y ro id ,  sm all (20 g rm s .) ; l i v e r ,  
1300 g rm s.; ad ren a l g la n d s , reduced  to  t in y  a tro p h ic  s t r u c t u r e s ,  
each  about lg- crns. x  a  few  rnrns. H is to lo g ic a l ly ,  sm all r in d  of 
c o r t i c a l  and m edu llary  t i s s u e  su p p o rted  by young a d u lt  v a s c u la r  
f ib ro u s  s tro m a showing a re a s  o f round c e l l  i n f i l t r a t i o n
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Case 5 .
A d d iso n 's  d is e a s e ;  b i l a t e r a l  a d re n a l tu b e rc u lo s is  
m ale , a e t .  34.
S o ld ie r ;  th r e e  months h is to r y  o f a s th e n ia .  A dm itted  sem i- 
com atose to  m i l i t a r y  h o s p i ta l ;  B .P . 5 0 /? ; p ig m e n ta tio n  o f  
fa c e  and hands; r a l l i e d  w ith  in tra -v e n o u s  g lu co se  s a l in e  and 
eu co rto n e ; im proved on eu co rto n e  and h ig h  s a l t  d i e t .  A tta ck s  
o f  v o m itin g  supervened  and cau sed  d e a th  one month l a t e r .  
Post-m ortem .
H e a rt, 300 g rm s.; a c t iv e  tu b e rc u lo u s  focus in  r .  lu n g .
L iv e r ,  s p le e n , k idneys -  no ab n o rm a lity . T hy ro id , la rg e ;  
tfcQrmus, l a r g e .  Both ad ren a l g lands alm ost e n t i r e ly  r e p la c e d  by 
caseous tu b e rc u lo u s  t i s s u e .  Haemorrhage in to  r .  g lan d .
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